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SECTICN |
INTRODUCT | ON

The FERTRAN IV program described herein analyzes the nozzle for a hypersonic
scramjet by a two dimensional second order characteristic procedufe described
in ATL TR 186, ""A Source Flow Characteristic Technique for the Analysis of

Scramjet Exhaust Flow Fields,"

The program starts from the initial profile and mérches along down-running char-
acteristics until the final X station is reached. This process can be interrupted
by '"Change of Origin Profiles'" in source flow cases, This is done by interpolat-
ing the characteristic data at the required axial station and setting up 'F
a-rays' i.,e., XF, YF, ... . Then the program continues on down-running char-
acteristics using the '"F arrays" as an initial profile. These "F arrays" are
computed for all flows at an X station that coincides with the cowl tip if

there is a cowl in the flow field. If the flow is overexpanded at the cowl the
program will invert the problem as described in ATL TR 186. When the shock
reflects off the lower wall 'F arrays'" are again calculated and the computatiaon
continues with the problem inverted again until the final axial (X) station is

attained.



A. Input Format

Card

Number Columns

™ 179
SECTION I
DESCRIPTION OF |INPUT

1 1-5

11-15
16-20

21-25

26-30

2 1-10

11-20

21-30

31-40
41-50

Format Description

15 J1, type of flow (0-two dimensional, 1-axisym-
metric

15 J2, coordinate exponent for line source system
(0-two dimensional or axisymmetric, 1-line
source)

15 NPTS, number of data points on Initlal profile

15 IEQ, chemistry indicator (0-frozen hydrogen-

alr chemistry, l-equilibrium chemistry} NOTE:
if ICOWL = 1 then IEQ = 1.

15 ICAWL, external data indicator {l-overexpansion
or underexpansion Interaction calculations is
required, O-Internal flow only). {f IEQ = O
then I1CEWL = 0.

15 I@VER, overexpansion indlicator (0-flow de-
finitely underexparded, 1-flow overexpanded
or marginal)

E10,0 #XBP, ratio of axial coordinate of cow! at inf-
tial station to throat height

E10.0 XB@D, ratio of axial coordinate of lower wall
at initial station to threat height

EI10.0 XCOWL, ratio of axial coordinate of cowl trall-
ing edge to throat height

E10.0 RTH, throat height (ft.}, scaling parameter L%

E10.0 TEST, maximum allowable axial step size, used

for computing upper boundary - typical value

*(A11 length varlables are nondimensionalized by RTH.)

2=
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Card
Number Columns Format Description
2 .51-60 E10.0 XFINAL, ratto of final axial coordinate of run to
R throat height \
61-70 E10.0 XTJ1, ratio of axial coordinate of beginning
of Cartesian region to throat helght
3 ©1-10  E10.0 XSHFT, ratio of axial coordinate of moment
_ _ axis to throat height
11-20 E10.0 YSHFT, ratio of radlal coordinate of moment
axis to throat height
21-30 E10.0 XTHX, initial thrust (1bs/RTH)
31-40 E10.0 YLFT, initial 1ift (ibs/RTHz)

4 1-5 I5 NXXJT, number of locations in source flow
where a new initial profile is desired, maxi-
mum is &, minimum 1s 1 {i.e. changes of origin,
cowl station,...)

5 | One of the following cards is necessary for each NXXJ1., [|f NXXJ1 equals

.1 and 2-D flow, card 5a may be blank.
Ca 1-10 E10.0 XXJ1, ratio of axial coordinate of new initial
‘ profile to throat height
11-20 E10,0 AXX, coefficients of polynomial describing a
segment of lateral extent of the nozzle
21-30 E10.0 ~ BXX, for the equation ZL = AXX(X—X]) + BXX
31-40 E10.0 XOR: ratio of axial coordinate of line source
‘ origin :
5b 1-5. 15 |FENCE, fence indicator {0-no fence;)
' _ 1-supersonic fence exists)
11-20 £E10.0 AFENCE, ccefficients of fence for the equation
21-30 - E10.0 BFENCE, Y=AFENCE (X-XBP) + BFENCE
31-40 " E10.0 XFENCE, ratio of axlal ccordinate of fence on
: lower surface to throat radius
6 . 1-5 5 NUWSEG, number of polynomlal segments describ-

ing the cowl {maximum is 3)

6-10 15 NLWSEG, number of ploynomial segments describ-
ing the lower wall {maximum is 3}.
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Card
Number Columns Format Description
7 One of the following cards Is necessary for each cowl segment.
7A 1-10 E10.0 XXU(L), ratio of axial coordinate of begin-
fng of 'Lth" segment of cow] to throat helght
11-20 E10.0 A, coefflcients of the ”Lth“ segment
21-30 E10.0 B, of polynomial describing cowl for the
S, equation
31-40 £10.0 C, Y=AX2+BX+C; Y=Y/RTH & X=X/RTH
8 One of the following cards. is necessary for each lower wall segment.
8a 1-10 £10.0 XXL (L), ratio of axial coordinate of begining
of "Lth' seqment. of lower wall to throat
height
11-20 E10.0 A, cocfficients of the ”Lth“ segment
21-30 E10,0 B, of polynomial describing lower wall for
-+ the equation
3140 E10.0 C, Y=AXZ+BX+C; Y=Y/RTH & X=X/RTH
g 1-10 E10.0 EMINF, free stream or reference Mach number
11-20 E10.0 TIN, free stream or reference température (OK)
21-30 E10.0 WINF, free stream or reference molecular
weight (1bs/lb-mole)
31-40 E10.0 PINF, f£ee stream or reference pressure
(1bs/in%)
10 . Initial Profile - One of the following cards are requlired for each
‘ data polint as described below., The program reads data polints be-
ginning at the lower wall (point #1) and proceeds to the cowl
(point #NPTS).
10a 1-10 E10.0 X(1), ratio of axlal coordinate of data
point to throat helght
11-20 E10.0 Y(1), ratio of radial coordinate of data
: ‘ point to throat height
21-30 £10.0 P(1), ratio of pressure at data polnt to
free stream pressure
31-4o E10.0 Q(1), ratio of velocity at data polnt to

free stream velocity

v L] na



Card

Number

1

11a

Colums Format

41-50 £10.0

51-60 E10.0

61-70 E10.0

T 179

DescrIEtEon

]

T(1), ratlo of temperature at data polnt to
free stream temperature

TH(1), flow inclination at data point {in
radians)

R(I), fuel to alr equivalence ratic (only
necessary if 1EQ=1}

tnitial Mass Fractlons - Same as card 10 above except for mass
fractlons at each data point. These cards are necessary only

if 1EQ=0.

1-10 E10.0
11-20 £10.0
21-30 E10.0
31-40 E10.0
41-50 E1C.0
51-60 E10.0

61-70 E10.0

mass fraction of H
mass fraction of 0
mass fraction of HZO
mass fraction of H
mass fraction of 02
mass fraction of OH

mass fraction of N2

This card Is necessary only If [COWL=1.

1-5° 15

11-20 . E10.0

21-30 E10.0

" 31-40 E10.0

41-50 E10.0

51-60 E10.0

MM, number of polnts in Prandtl-Meyer fan
Including data downstream of shock(MM=9)

PM, ratio of pressure external to the cowl
to free stream or reference pressure

QM, ratio of velocity external to the cowl
to free stream or reference velocity

THM, ratlio of temperature external to the
cowl to free stream or reference temperature

THM, flow inclination external to the cowl
{In radians) :

RM, fuel to air ratlo external to the cowl
{only needed if |EQ=1)
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B. Flgures for Input

EXTERNAL FLOW

é—  XCOWL %5ffij
|

PM, QM, TH, BM

WXL (1)
XBOD .
77777?777757\\XXL(2)
L BODL
/
VEHICLE
UNDERSURFACE ﬁXL(S)
/ ;7 7 7
¢ - XFINAL / Ll L Ll
FIGURE #1. Definttion of Physical. Input Variables
9;'
‘ XBP XX51(3)  XFINAL
-- - - ,-_:—"ﬂ
A
XOR(3) © XOR(2) XOR{1)

FIGURE #2. Definition of Change of Origin Varlables
= .
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SECTION 111

DESCRIPTION OF OUTPUT

A.  Qutput Format - The heading page contalns program constants, line source

codrdinates and érigin chahges, upper and lower wall coordinates, free stream
data at the cowl and infinity conditions. The program then prints the "Initial
profile,' the data at selected points along down-running characteristics In the
flow field and the running 11ft, thrust and pitching moment. The process con~

tinues until the input value for the final axial location s reached.

The above flow can be interrupted by ''change of origin profiles' and a profile

at the trailing edge of the cowl. |If the flow Is over-expanded at the cowl the
output will switch to up-running characteristics from the lower wall to the con-
tact surface and additional output covering the shock angle and ekternal Mach
number will be printed. When the shock reflects off the lower wall another pro-
file will be printed and the run will proceed to the final axial location through

down-running characteristlcs.

B, Identificiation of OQutput Variables

axial distance/throat height

-~ radial distance/throat height
veloclity/free stream veloclity «

- temperature/free stream temperature

- = o =< »x
1

- pressure/free stream pressure
TH - flow angle {(radians)
EM - Mach number

ALP{1) = mass fractlén of H
ALP(2) = mass fraction of 0
ALP(3) = mass fraction of HZO
ALP (4) = mass fraction of H,
ALP(5) = mass fraction of 0,
ALP{6) = mass fraction of OH
ALP(7) = mass fraction of N,
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Frozen flow extra output lIs:

CPX - specific heat/free stream specific heat

W - molecuiar welght of mixture/free stream molecular welght

Equilibrium flow extra output Is:

GAM - equilibrium Isentropic exponent

PHl - fuel to air ratio
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SECTION 1V

SUBROUTINES AND FUNCT|ONS

A. Subroutines

Name

1. INDATA
2. COEFF
3. ERROR
4, BODL
5, BODU
65 COWL
7. COWLO
8. SHOCK
9. SHOCPT
10, PANDW
1. DRTEST
12, PM
13. ALL
14,  THERMO
15.  XMASSS
16. FM
17. PMl

Description

reads and prints initial data and computes infinlty conditlions
sets theromodynamic coefficients as functlons of temperature

prints program statement number nearest selected errors and
terminates computer run

locates axial and radial coordinates along lower vehicle surface
locates axial and radlal coordinates along upper cowl surface

calculates shock jump relations and Prandtl-Meyer fan at cowl
trailing edge for under-expanded flow

computes contact points, shock points and shock angle at cowl
tralling edge for over-expanded flow

calculates shock jump conditions
computes shock angle by matching pressure from shock jump re-
lations and pressure from characteristic relation on downstream

side of shock

makes pressure and frozen chemistry molecular weight or equili-
brium chemistry fuel to air ratfio : '

tests for dropping data points on free stream slde of shock
computes'isentropic air expansion

calculates denslity, ratlo of specific heats, Mach number, Mach
angle, frozen flow specific heat, molecular weight and gas

constant

computes frozen flow specific heat, derivative of speciflec heat
and enthalpy of each species from polynomial fits in temperature

computes mass flow correction factor
computes mass function

computes flow prohertles for given Prandtl-Meyer turning
% v
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B, Functions

Name Description

1. FT calculates temperature at any data point in flow field

2. FH computes static edlhalpy at any point in flow fleld

3. FGAM makes [sentropic exponent and assoclated thermodynamic data at

any point In flow field

4, RHEQ computes equillibrium density

5., XMl calculates tan (6+u) along up-running characteristic

6. XM2 calculates tan (8-u) along down-running characterlistlc
7. XM3 calculates tan (8) along streamline

8. F *A} or Bl coefflicient along up-running and down-running'

characteristics: respectively

8. F2 *A2 or B2 coefficient along up-running and down-running
characteristics respectively.

*Note: p - © relationship along up-running characteristic:

Ay (pempp) + 608 FA, (X -X,) = 0

p - 8 relationship along down-running characteristic:

Bl(Pc‘pB? - Bc+0p*By (X Xy & g

_IO_
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SECTION v

MACHINE CONTROL CONSIDERATIONS

1. Machine - program designed fgr CDC 6600.
2, Estimates for run.
a. Field iength:
| (1} compile = 65,000 octal locatlions
{(2) load - 120,000 octal locatlions
(3) run - 100,000 octal locations

b. CP time: variable depending on number of points in inftlal
profile and type of flow :

c. 10: less than 100 octal seconds
d. Tapes or disks used:
- {1) Tape 5 - card input
(2) Tape 6 - printed output
{3) no other tapes or disk flles used

e. Printed output: as In CP time It is varlable depending on
case submitted.

-

_]]_
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. -SECTION IV

775
.8
. 825

B85

36,65
36,65

36,65

e

. 36,65
36,65
36,65

— 3565 "

36,65

T 36,65

36,65

e+ .. SAMPLE _INPUT FOR SOURCE FLOW CASE. 1B FROM ATL.TR. 186 . .

g 1 EE 1 1 0

0. 0, 3. i. o1 21, 22.
‘-O' 05 U' \ 0' 0.

0. L0875 1. <7,

3, 0875 1. - =7
T YT A UBe 3.064 16,

2 %

Q. 1314 0. 1.

0. 4 0. 1051 979

0. T L5565 0. 0.

0. 4 0. -, 4452 .08905 3

8.,  TTT,01049 T -Ue082 T 741 )

10, 232.3 28,96 1603 :

‘0. 0. 36,65 G 29 10,1 0. i.

0. 025 36,65 2929 10.1 0, 1. i
0. T T TTTTTTT36,65 T T 929 10,17 0. 1.7

0. 075 36,65 929 10,1 0. . -
'u,'""'“—""'11 ”__“m““M36.65'm"”"‘7929' i0.1 0. i. T

0, 125 36,65 929 ‘10.1 0. 1, )

0. is5 36 .65 929 10,1 0. 1.

0. o wX75 36,65  .929 10,1 0. e
0.- T '.2 36.65 .929 10 ,1 0. 1

0. 225 36 .65 .9 29 10 .1 0. i, .
6. 25 T 36,65 T 77,929 i0.1 0. 1, -

Lo o275 36,65  .929 10.1 0. 1,

0. . 36,65 L9729 10.1 0. 1.

0. ..+325 36,65  .929  10.1 0. 1,

0, L35 " 36,65 . 929 10,1 0. i,

0. £375 36,65 ,929 -+ 10,1 0, i. _ e
0. 4 36,65 929 7 10,1 0. 1.

0. 425 36,65 929 10,1 Q. i.

0 K 36,65 .9 29 10,1 3. i.

O .475 - 36,65 929 0.1 0. 1. _
0. 9 36,65 929 10 .1 0. 1.

Oe . .32>  _36.65 929 10 .1 0. 1. )
0. .55 36,65 7929 10,1 0. i,

0, 575 35,65 929 10.1 0.

0. 6 36 65 L9729 10,1 0. .

Q. - 0.625 36,65 929 10.1 0. . i
6. 65 © 36,65 929 10,17 "0, 1 T

0. __ . .675 36,65 .929 10 .1 0. . L
0. 7 36.6% 7929 10.1 P

ST UNPIN P SR U N

. .. .
'

B A e

T
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PROGRAM LISTING

s : . \ P

The following is a listing of the Fortran IV program for Source Flow

Characterisgic

s



}

i

—_———

1 TTAPETZEPUNCHY T T

COMMON/COWL/TCOWL, MM, XM(G), YM{G) ,PMM(D), UM {9 ) s RHM(9) , THM (9}, P GM (9 ),

PROGRAM NOZ BOD (INPUT,QUTPUT,PUNCH, TAPES=INPYT, TAPEG= CUTPUT,

TRM (G, TH LYY, GM (9, XMUM (9Y EMM( 9, ALPNM 7, 9y ,CPXM(9)

COMMON /1PP 71 PP

CCOMMON /L TM/ZXSHFT JYSHFT X THX, YLFT ,XMOH

COMMON /¥ XJ /NXX UL, AXchﬁ),Ax¥<5>.Bxxco>,ng(6> o

___COMMON/XFINALZ XF INAL

COMMON /SHAPE /A RL{3,2), AR203, 2),AA3 (3, 2),XXU(3>,XXL(3) CXINTU, XINTL

© COMMON /I EG/TEQ,PIN,RHOINF,UITNE P INF
COMMGN/VAR/RHU(EGD):

_"m_z_“"”"_______xmgzon>,vw<ano).mezqo)tjytzom>,Pmc?oq;t7uu<2001¢3ﬁgu
32007, EMNT200) , X MUNC200) ,CPXNC200) ,WNC200) RNC200),GAMNC200),
ERR(20), TEMP (20)

4XMASSN (200 ), ALPN (10, 200),51(10),HI(10),

5,ALPDUMCI0)
_ COMMON /SP/ NSP

© COMMON /F VARZ

LRHOF (200 ), CPXF (2600, EMFC200) ,XMUF(200) ,WF(200) ,RF(200) JGAMFC200) ,

DKM ASSF (200,
CSTHET 4t 20)

PH(PUO)SF(ZDM,ALPMIO)}

COMHON /X7 XT200Y Y (200, PU200Y 0 (2007), TC2005 ,THC200) ,ALP (10, 20 0)

cOMMON /17 TCPUT

COMMON/A/ TIN,CPIN,RO

COMMON/BZ WTMOLE

COMMON/D/ GAMINF,EMINF,RINF,WINF
COMMON/F/ZA9,RB9, 180D, XWF,NBOD, YEND

T COMMON/E TX /X, XJ1, NPTS LT, TR O TCHEM, TPUNCH, TOESGN, TR XX KBF,

1YRP, THBP,RAD,XB0D,YBOD, THROD,RADB, XEND, THEND,RTH,YEXIT, THST,TEST,

T4 IRFL,YULRADRZ,RRADC(20)Y . "'wSrAR ¥YROZ,EIN,

PEN,H16,H17

COMMON/XF/XF(2060),YF(200),PF(200),QF (200}, TF(ZOD) y THE (2000, ALPF C

T110.200)
cO MM N /X O WL /X cO Wl

TEOMION 17 T EM T TIC L o0
cOMMON Z JOVER/ 1 QVER .

TTTCOMMON XTI/ XT UL - T
COMMON /F ENCE /1 FE NCE, Af"}:N CE .BFENCE. XF ENCE

THDIMENS ION WTMOLE (10)Y
DIMENSION . - ERAD(2Q)

““‘""""”D‘ IMENSTON TYPEZTZ)
DIMENS JION TYPE3(2)

TUDIMENSTON TYPEG(2),PHIPR(2Y
DATA PHIPR/3H y IHP HT /7

“bATN"TYﬁE9/3iCPx.sHPHrf““”"‘
__DAYA "TYPE3/3M W ,3HGAMH/

TTTTpATa TYPEZ /1UH ‘NOZZLE ,10HCENTERBODY/
DATA XXP/1.E+06/

DATATISHOC/=-10000/
WR ITEC G, 40 0)

400 FORMAT (1HL)
J=0 TWO DIMENSIONAL

TR A IS YMMETRIC
SPECIES 1 IS H,

SPECIES 2 IS §
gPECIES 3 15 M20

SPECIES 4 IS Ho T
SPECIES 5 IS 02

TSPECIES 6 IS OH
SPECIES 7 IS N2

~§PEC {ES 8 1§ co2 T T
-Al- .



. C... . .SPECIES g IS €O e e e e
C SPECIES 10 1S C3HB
1P TP =0 i —
NX XJ =2
_IFLIP=0 e i
IHALT=0
[CMPLT=0 i . . S
CNSTAR=0 , o
JOPUT=32 —

CYAA=L . - R
CALL TNDATA
XCOWLH=XCOWL
[EQS =1 £Q+1

___YNOZ=YgP

o PE N= PIN
XJ1Sv=XJ1

T PFINFzPINF #1'44 [ /PIN 7
IFENC1=0

~ 7211 1IPP=0 ' . ~

tSTT =0
WRITECE, 400) . , T -
IF(IFENCL. ER,1) WRITE( 6, 3100)
TTT3I00 FORMAT(IOX#F ENCE NI TIAL PROFILE®)
IF¢IFENCI.EQ L1y GO TO 3101
T OUUTTTTIF(LPTPLEQ LD ) WRITE(6,9191) XOR(1)Y
9191 FORMAT (20X#INITIAL PROFILE»
T 16 - TORIGIN OF SYSTEM =&E13.,5)
IF(IFLIP . EQ.O.AND, IPTP (EQ. 2. AND.XF (1) .NE XCOWLH) WRITE(6,9192)
1 XOR(NXXJ=1) CToTrrmm o mmn e
9192 FORMAT(16XaCHANGE OF ORIGIN PROFILE® o

1% = ORIGIN DF SYSTEM =%E13,5) -
JF(IFLIP ,EQ, 0. AND, [PTP ,EQ, 1. AND. XF (1), EQ ,XCOWLH) WR]TE (6,313 2)

1 OXOR(NXXJ-1) T
3132 FORMAT ( 8X«PROFILE FOR UNDEHEXPAhnen SHOCK AT COWL &

1a = ORIGIN OF SYSTEM =sE13.5)
 IF(IFLIP.EQ. 1) WRITE(6,600) XOR(NXXJ-1)
600 FORMAT( BX#PROFILE FOR OVEREXPANDED SHOCK AT COWLa
_1s - QORIGIN OF SYSTEM =sE13.5)
IF(TFLIP.EQ.?) WRITE(6,621)  XOR(NXXI=1)
621 FORMAT( 6X#PROFILE WHEN SHOCK REFLECTS OFF LOWER WALLe
1# - QRIGIN OF SYSTEM =aeE13.%) o T
3101 CONTINUE

JEQL=1EQ+1 ~ T Tt T T T T
o WRITE(6:6896) PHIPR(IEQL)
6896 FORMAT( T i T//85X,sPT.8,8
3 CAX, eXw, 11X, 8Y s, 11X, 808, 11X, #T e, 11X, #P2, 10X, eTHe 10XA3)
IF(ICHEM.EQ. 0. AND, 1EQ.EQG,0) wRITEcs 7701) ) S
7701 FORMAT (13X®ALP(1)= H#aX#ALP (2)= 043X wALP (3)= H20#2X#ALP (4)=H2%
13X *ALP (5)70223 X8 ALP( 6) 2UHaIX wALP (7)=N2 ) T
 KSIDE=UD
TTTINDLZ=Q T T T - T T
3160 CONT INUE
Fxz=0. T T T T e e
o xLY2=0.
%M OM2=9. —~— — — T T TTTTr oo o - . - T
e XMAS22=0.
b0 6897 I1=1:NPTS T T T
o YFPR1=YFPR
THFPR1=THFPR ~~ &~ = R T T
_Az_



____YFPR=z=YFC(D)
THFPR=THF (1) ' - T
L AFCIFLIP EQ 1) YFPR=-YF (1)
IFCIFLIPLEQ, 1) THFPR=-THF (T}
IF(XJ18V.EQ.0.) GO TO 5102
IF(IPTP,EG.0) GO TO 3103
CIFGXFCD JE@oxCOWLHY G0 TO 3103
IF(IFENC1.EQ.,1) GO TO 3103 o
______ G0_Tg 3102 o X ‘ .
3103 N0 3111 J=1,KNSP
S311 ALPDUM (JI=ALPF (J,1) -
CALL ALLICPXF(D) ,WF () RHOF (T JRF (I LGAMF (LY, EMF(I).XMUF(IL
CAQF (L, TE (L s PF (1), ALPDUMy R
IF(1EG.1) GO TO 31072 T
o Je=l-1 I
DY13=YFPR-YF PR 1
o DXASSNFOT) -XFCUR Y
THS13=1,5707%963 e T
_ . IF(DX13.G6T,1,E~-10) THSI3=ATAN(DY13/0%13)
71 AXX(NXXJ-l)*(XF(JG) ~XBP I+ BYX X(NXXJ=1)
CZ2=AXX (NXXJ=1) e XF (1 ) =XBP )+ BXX(NXXJ-1)
XBAR T s (XF (T4 XF oM /2 =XSHFT
YBARIZI=(YF (L Y+ YF(JQ) )/ 2, ~YSHFT
E1=GAMF(JRI#PF (JG)Y *EMF (JQI #EMF (JB) #S IN(THS L3 -THFPR LY /S IN(THS 13
CE2=GAMF (L Y#PF (1 J#EMF (I )®EMF(1 )#SIN(THS13-THFPR }/SIN(THS13)
CF1=(EL#COS(THFPRL)+(PF(JQ)=-PIN)) ST T e e
_F2=(E28COS(THFPR y+(PF(I )~PIN})
E11=RHOF (J)Y sQF(J0) e SINCTHS13-THFPRII/SIN(TRS13)
_ E22=RHOFC(I )20QF (] )eSIN(THS13-THFPR )/SIN(THS13)
ZBAR=(Z1+22)/2.
o XMS13=(E11+E22)#DY13/2.%ZBAR
XMAS22 =XMASZ 2+ XMS1 3 )
_w“_mfFXQ (F1+E?{f? * DY 13 ePFLNF #ZgA R
ﬂLYr(EﬂglmTHWRlN(PHJ”rle»CNTHy
TXLLY 2= (E2xSINCTHFPR )+ (PF{I y=PINY aC QT THS)
XXLY 22 (XLLYL+XLLY2)/ 2, «DY134pPF INF #ZBAR
CXMOM 2T XMOM R+ FF X2 Y BARL 3= XXLY 28 XBAR13Z
FX2=FX2+FF X2 \
XL YZ =X LY P+ XX Y277
IF¢I,LT.NPTS) GO TO 3102
'*'rF(TPTP.NE{df'EO"TU 3105
FX1=FX2
TN Y1=XLY2
__XMOM{=xMOMZ
TTXMAS12:=XMASR2
GO TO 3102 S
I105 [FCIFENCL.ER,1Y GD TO 3106
IF(XF(1).NE,XC0OWLH)Y GO To 3102
31086 XTHXMS=FX2-FX1-XTHX  —~ 7~
' XM OMMS =X MOM2 «XMC M1 -XMOM
TTRATM =X MAS2 2/ XM AS 12
EMS=RATM=1. .
TR (ABS(EMS )Y LT i1 E=03) GOOTO 3161
’ IND13= INDL3+1 o
JF(IRD13.GT.1) GO TO 3161
CALL XMASSS(RATM,NPTS)

e g [~ A i R e e mn e

— - - ey

b —==%0 TGO 3160 T " " - -
3161 CONTINUE
"KSIDE=1 . T ’ o



$102 CONTINVE _
6897 CONTINUE T T o o
DD 3263 121.NPTS_ R
C=PF(1)/PLN e
CYFPR=zYF( D)
- THFPR=THF( I} T T T e - R -
. IF(IFLIP EQ.1) YFPR==YF(I}
JFCIFLIPLEQ. 1) THFPR==THF (1) i - Tt
 __IF(1EG.EN.1) GO TO 9806 .
TWRITE(6,26) [L,XF (L) ,YFPR ,of (1),TF (Iy,C s THEPR™ e
WRITE (6,1602) CALPF (uy1),J=1,NSP)

GO TO 3163
9806 WRITE(6,16) [, XF (1) ,YFPR ,GF (I1),TF (1),C ,THF PR,LRF( 1}
3163 CONT INUE T T T
1800 FORMAT (# UNDERSURFACE AND _COWL THRYST FHEL3. 5, 7XeL IFT =#E13.5, 7X#M

o 1OMENT =#E13.,8) ~— 7 7~ A
__ IPTP=1
XJASV=XJi T T e e e - o
WRITEC6, 3130)

"3430 FORMAT (/)
IF(KSIDE.EQ.0) GO 7O 3104 -
COWRITECS, 18007 "XTHXHWYLF T, XmOM —777° ' il

, WRITE( s 3107 ) XTHXMS ,XMOMMS ‘

3107 FORMAT(SXsSIDEWALL THRUST =e£12,4,5XeSIDEWALL MOMENT =4E127,4/7)

3104 CONTINUE ‘

T - N:—. 2 = - - I e = - o e . T, e e . J e
LMAX =1
KMAX=2#(N-1}-1" T T T T T e

_ IF(TOVER ,NE.2) GO TO 7423

N3 AR . . o — e

1PP=1

LMAX =2 o T T o ) T T T o
_____ KM AX =2

7423 NN1=N-1
it 7424 1I=1, NNj_
TE=NNL-T +1 ) T T T —‘-:-H'*ﬁ_ﬁ“__- Tt T T e
X{1Y=XF (I1)
Y1) =YF (11}
. @elY=GF (I 1) .
TCDY=TF (11y "~ 7 ’ ‘ ) oo T
P(I)=PF (11}

TH(I)=THF (I 1) T T e e
WCIY=MF({TID) g
RCD)=RFCITY =~ 777 7 TTT T e e -

. DO 505 J=1,NSP

505 ALP(J, 1I=ALPF (J,ITY
DD 1500 J=1,NSP
1500 ALPDUM(J)=ALP(J, 1Y T T kT TE .
CALL ALL (CPX (L) WC1),RHO(1)s ROT),GAN (T, EM (1), XMUCD eI, TC),
1PC1) L ALPDUM) o
7424 CONT INUE

500 CONTINUE =~ 7 - T e — S
. 1F (KMA X. GE 191) 60 To 9123
6060 IPP=IPP+1 T e e o

6683 WRITE(6:,7633) IPP
7633 FORMAT(SX, #LINE NO, = *'14)"' T
IF(IDVER EQ,2. AND,KMAX., GE.10) GO To 670

JUFL+KMAX/ 10 S e e e
L JJL=KMAX -1
IFCL0.EQ.1) uJd=1 77 e e e
-Aly~



NRIT[-(ﬁ 6885)TYPE\$(IFQJ) ;TYPE‘?(IEQ‘J)

T 16 FORMAT(3X,14,3%,10E12.4)

6885 FORMAT (5X: %P T, &y BX , % X#,11X, #Y2,11X,6Px, 10X, %THﬁ-uXauDhlix,#Tm_

1%, =EME, 10X, A3, 9X,A3)

po 7637 I=4»r Jddir JJd

C=P (1) /PINT - - T T
~ yFpRzY (1)

THFPR=TH (1Y~~~ T T T

DUPR =W (1) A

TIF(TERS. ER.Z2) DUPR= GAMTI) T
o cPR [;Px( I)

IF(IEQ.EQ.1Y CPR=R (T} i o o
IR (IFLIPLEQ. D) YFPR=<Y {])

[FOIFLIPLEQ. 1) THFPR==TH (1)
1, xC1) ,YFPR, C

WR1TE(6,7632) BIAL

JTHE PRL,G (1), TU D) ,EMCT) ,DUPR, CPR

7632 FORMAT (IX, 143X, 10E12 43
7637 cONT INWE

1602 FORMAT (170X ,10812,4)
_1F ¢1pP EQ. 1} Go 710 7759

12 KM AX T R
c=P{ 1) /P IN
TYFPR=Y (YT -
___THFPR=TH (I}
DUPR=W (LY T ) o o
_ IF(JEQ5.EQ.2) DUPR=GAM(])
TCPR=CPX(1) h h T
_ IF(I1E£Q.ER,1) CPR=R(I)
[FIFLIP.EQ.1) YFPR==Y (1)
. IF(IFLIP.EQ,1) THFPR==TH (1)
WRITE(6,7632) 1, X(1),YFPR,C CTHFBR,O{1), T, EM(TY,DUPR, CFR
B0 T0 7759
670 JJ=1+KMAX/10 o ) - T
I L S
1SH: ISHOC _
. JJ1= IS H-1 )
TTUTRRITEC S, 68B5)TYPEI(TEQS) - T T
672 DO 671 1=JU2,J41,4J
T T es RO /PIND i - i
YFPR=Y (1)
TTTTTTTIWFPHE TR (T .
DUPR=W (1)
TAF(IEQS.VER, Y DUPR=GAM(T) " T
CPR=CPX(I)
TTUTTIF(IEQLEQ. 1) CPR=R(1) o e o T T T T
IR (IFLIP.EQ.1) YFPR=-Y (1)
- TIFCIFLIF.EQ. 1) THFPR==TKR () T l
) WRITE(6,7632) 1,X(1),YFPR,C_ »THFPR,Q (1), T(1),EMCI),DUPR, CPR
6731 CONTINUE T T ST -
[=JJ1+1
T UTREP(IY/oPIN T T T T e
YFPR=Y (D)
CTTTTTIHFPR=TH (T e
DUPR=W (1)
IF(1EQ5.EG.2Y DUPR=GAMITY T T T T e e e e -
CPR=CPX(1)
TIFCLEQL.EQ. 1Y CPR=R(IY T T T T e —
IF(IFLIP.EQ.1) YFPR=-Y (1)
e T ECIFLIRTEDRL 1) THFPR==TH (1) o - S
 WRITE(6:7632) L,XCD),YFPR,C  ,THFPR,Q (1), TC1),EMCLY,BUPR, CPR
IF(JJ1.EQ.KMAX-1) GO TO 7759 R SR I .
..AS..



TOTHNCD STHF TONY T T T T T T e e e e e e

M SIS - .
JJLSKMAX =1 o
GO To 672 .
7759 BETPR=BET T
o WRITE(6, 1800y XTHX,YLFT»xMOM
IF(IFLIP.EQ,1) BETPR==BET T T T
| IF (IgVER .EQ. 2) WRITE (6,653) BETPR, EMC1 L
653 FORMAT (5X=SHOCK ANGLE -*512 4, 5X+EXTERNAL MACH NO, =#£12.4) ~ 7
WRITE(6,1603) _
1603 FORMAT (/77 -
6684 JCMP=ICMPLT+1 - _ o
IF(IQVER.NE, 2} GC TO 26%8 ) e
B ISHOC=ISHOC+1 B )
TIF(NSTAR .FQ,1) ISHOC=ISHOQOC~2 oo T
2658 CONTINUE o o
TF(THALT .EQV1Y 'STOP "
IF(IFLIP ,EQ. 2. AND, N. GT .NPTS) §T0OP
TG0 To (4300.4301.4302,4303)}ICMP‘ D T
4301 IF(ICOWL.EQ.0) STOP
ICHMP LT =2 T T ) ooy e
CALL COWL(~1.)
e e 4 e .
4302 IPM=[PM+1
B IF(IPM,.GT.MMS3 ) GO TO 4303 77 T T T T T T T
LMAX =K MA X+ 1
X N1 =X M(IPM) R T T o T me s e
y N¢irysy M(lIpMy
TR N (1)=P MM (IPM S e
W Nely=®W MeIpM)
¢ N(1)=Q McIpMy ~ T T R T e
R N{1)=R M(IPM)
T N¢1)=T M(IPM) ) h T Tt T
TH N¢1)y=TH MIpMY
""""" EM N (1)5EM M(IPM) ~ — 7 7T B T e
RHON (1 )=RH M (IPM) .
GAMN (1)=G M(IPM) T T e T T T e e -
COXMUN (1)= XMUNM (I PM )
TCPXN(1)=0, ’ . o ) T T T s e e
_____ IF(IEQ.EQ.0) CPXN(1)=CPXMCIPM)
DO 4304 J=1.NSP T T ' — T
ALPN(J,1)=0,
4304 IF(IEQ.EQ.0) ALPN(J, 1) =ALPMCY, IPM). ~ Tt T T e
) G0 TQ 8060
4303 1CMPLT=3 T - T T T T T e i T e
 STOP '
4300 1F(X(1).FQ.XCOWLH,AND,IPP.EG ,NPTS.AND.IOVER,NE.2) GO TO 4301
CIF(N.GT.NPTS) GO TO 8104
LMAX=LMAX+2 T T Ut T T me s
L=1
K=1 - T T - - T T N
DO 510 J=1,NSP
510 ALPN (J,L)=ALPF (J,N) =~~~ 7T T e T T .
XN(L)=XF (N}
TYNCL)=YF O(NY T T Tt T s e e e s o

QN (L)=QF (N)
PN(LY=DPF (NY 0 T T T T T T T T T T T e e e ""
TNCL)=TF (N)

WML )= F (N)

CRM(L)=ERF(N) T T T T S S e e



p0 1501 J=1,NSP

1501 ALPDUMCJYSALPNTI LY T - o T
. CALL ALL (CPXN(1),WN{1),RHON(1) RN (1), GAMNCL),EMNCLY,XHUNCL),QNCL) i
1LTNCLY LV ENCLY JALP UMY ‘
__IFENCcl=1 - _
TFIFENCEVEG L AND UXNILY VEGVREOHLH, AND VN EQ.NPTSY G0 7O 2601
o IFENC1=0 e
e R —— — -
8104 ASL=TAN(TH(1)) A )
TACHETANCTH (2)Y+ XMU(2Y)
o XNGLIE (Y (1))=Y (2) «X (2)# ACH=X(1) #ASL )/ (ACH-ASL ) - e
DELTH=XN{1)~-X%X(1) T T T
L IF ((DELTH/TEST).GT.1.) GO 70 9061 -
~leKe] _oU IV SRl R ——
3514 YOH=Y(2) +ACH=( XN (1 )« X(2))
CALLTBODUCRNTL Y, YN (1), THN(LY )
_ _JF(loVER NE.2) Gg 10 694 o
TYN (L= =Y NCL) T T o T B
o THNC1) == THN(1)
694 CONTTINUE T CTorTmrTmTT T o o
DELTH=ABS(THN( 1) ~TH{1) )
TTTTTTIFIDELTHUGTL L 02)Y G010 90R1 o
. ER=(YCH-YN¢)y o _ . .
IF(ABS(ERY LT, 1,E=04) GO TO 3510 -
L MOR=QCK+L . . _
IF(ICK.LT.18) GO TO 3511
_ WRITE(6,3%12) e e
3512 FORMAT (s T0O wANY TITERATTONS TN INITTAL BODU CALL FROM NOZBOD=)
STOP _
3511 IF(ICK.GT.2) GO ro 3513 N h T
_ . ER1=ER e . - - i}
XSL1=XN(1)
XN (L)y=1.01aXM(1)
T g0 TOo 55 14 - -
3513 WM~ﬁL1£R1MxNu) XS LL )/ (ER-ER1)
" ER1=ER ) T
¥S LT =X NG 1)
N TLye UM . e _ — -
GO TO 3514
FE10 CONTINUE — T
XSL=XN(1)
SR RN (I e _ i . e
THSL=THN (1)
T TIF((DELTHZTEST Y, LT 1Y GO 10 9060 7 T T
- CPELTH=XN(1)-X{1) L
9061 LMAK=KMAX+1 ) T
DO 9000 M1=2,KMAX
e L hMA)( M1+2‘ T T T T -
[=t+1
TTUTTTY T OIYEXT (uy T T T T o ) -
y (Dy=Y (L)
D RS S )] - i T
P (1)=P (L)
TTOTTO O(Tys=T (LY e Ty T
W (ly=W (L)
‘R (I¥Y=R (LY 7 N T TT o e e T T T
TH (1) =TH (L)
TUTTTTRM (DY =EM (LY T - T T T e
CPYX(T)=CRX (L) S -
e RHU( 1y=RHO (L) - ’ o Tt T e ey e e
e o A7~



900g cONTINUE

GAMOT) =GaMcLy

KMUC Ty =X MU (L)

p0 9001 J=1:NSP
Ten01 ALPC(J, IYSALP (J,L)

[SHOC=ISHOC+t1
CKMAX =K MA X+ 1
RAT= .5

X EHEX tLyeRATH(X () -X2 (1)) . .
Y (2)=Y (1)+RAT&(Y (3)=Y (1)) T
2T (1)+RATHE(G (3) -0 (1)) o
T {2)=T (L)Y+RAT&(T (3)3-T (1)) D T T T
) TH(2)sTH(L)I+RATHL{TH(Z)-TH(1))

TRO(2)=R O (1D+RATE (R (3)-R (1))
CALL PANDW(P(1),PC3),RAT,P(2), N(1),H(3),0(1),0(3),08(2),W(2),1EQ,0)
DO 9003 J=L,NSP ‘

ALPC U, 2) =ALP (J,1)+RAT# (ALP (J,3)-ALP(Jy 1))

TOOoDd ALPDUMJIZALPCJ, 2} '_'

CALL ALL (CPX(2),W(2) ,RHD(2),R(2),6AM(2),EM(2),XMY(2),0(2),T(2),

AP 2) ,ALPDUM) oo
. @GD 70 8104

060 LMAX=kMAYX T T T - .

. I S
8= 0 R
IF(ISHOC EQ. 1) BETN BET

8000 CONT INUE P

_ IF(B QL0 THN(l)-THsL

TI524 YO HR YO 2YHEMURCRN (1)~ X2

8030 EMSL=XM3 (.5, ,5,TH(1),THN (1))

EMI=XM{CASE, TH(Z2) XMUL2), THN (1) XMUN (1)) oo T T
. IF(ISHOC.EG.1) EML=.5#(TAN(BET)+TAN(BETN)) _

KN (L= (Y (1)=Y(2)4X (2)#EM1-X(1)#EMS| ) /(EM1=-EMSL) ST

ICK=1

. _CALL BODUCXN (L)s YN (1) THNC1) )
CIF(IOVER LNE,2) GO 1O 698 T T T T e T e e
O YN{1)=-YN(1)
CTHNCD) == THN(1)
_698_CONTINUE
ER=(YCH=YN{1))
IF(ABS(ER)Y.LT,1.E-04) GO TQ 3520
CICK=ICK+1 I
IF(ICK,LT.15) GO TO 3521
WRITE(6, 3522) -
_9522 FORMAT (# TOO MANY ITERATIONS IN FINAL BODU CALL FROM NOZBODs)

sToP
3524 IF(ICK.GT.2) GO TO 3523

ER1=ER ) T T T T T N T

XSGLL=XNC1)

COXNC(1)=1. 01 #XNC 1)
GO TO 3524

3523 DUM=XSLI-ERL=(XN(I)=XSL1)/(ER=ER1)Y ~ 7 T T
_ _ ER1=ER

XSL1=XN(1) T T T T T T T T e e e e
o XN(1)=DUM

GO TO 3524 T T T T T T e e e e e e B
3520 CONTINUE
TB020 ALEF 1AL B XMUCZ)Y ,GAM(2 Y, P(Z),XMUN(l),GAMNcl).P\(l)) S

C XDUMZIX(2)=XCR(NXXJ=-1)
XNUSAN=2XN (L) =XO0R(NXXJ=1) T T T T T T e s T e

-AB~



INe1Yy T
__DUML =A 2% (XN({) =K ¢21})

A2=F 20 A, Byl XUy XJ1s XDUME, Y 2) , THO2) , X MU (2) 0 XBUMN, YN{@);THN(l),XVUi__

IF(XJLLGT0.) "puML =4 2 R006 (XDUMN /X DUMZ )
DU M= (TR (2)=-THNC1) -DUM 1) /AL

PN(17=P2) «EXP(DUM)
IF(B.EQ.0.) 6O TO 1801

l1=t I
_L2=1 :

P XNCLLY L GT X CoWL =1 . E- 04) GO TO 1801
IR (XNCLLI) L GT X XJLONXXJ D=1, E=04) GO T0 180y

Z1=AXX (NXX J- 1)*(X(L2)—Xbp)+BXX(NXXJ 1)
72 A XX (NXX U= 1) aOXN (L 1) - XEP 3+ gXXONX X =1 )

PAXE (214 Z22)/2. sABS(YNCLLY-Y L2 )Y
DAY= (Z1+22 )1/ 2, #C XN (L 1) -X (L 2))

TRPAVEENTLIFP(L2YY 72
CphyE (P AV P IN-L ) P INFR 14 4,

T THX=PAVEDAX
DY LF 1= =P AV 2D AY

YMSE (XNCLIDYFX( {23y /2, 7TTEXSHFT
YMGT (YNCLL )+ Y(L2)) /2 ,~YSHF T

TTTTRMOMEY S #D XTHX X MSRDYLFT
 XTHX =X TH X+ DX TH X

CYLFT=YLFT+DYLFT

CXMOM=XMOM+DIMOM
1801 CONTINUE

Do 8050 J=1,NEP

TALPN G IV EALPET Y

8050 ALPDUM(JI=ALPNC(J, 1)
IFCIEQ. EQ.1) GO 10 3000

_ _TERM2=RHO(1)#Q(1)«A
IF(B.GT.G.) TERM2=TERM2+BaRHON (1)%QN(1)
___JF(BLER. 0. CPXN(1)sCcPX(1)

TTTONE TP (A )= PN () TERMZ +0(1)

) O ING Y2 TCLY+CGN (L )+ Q1) ¥ (PN(1) =P (1)) #E IN/(CPX{ 1) +CPAN(1) }/TERMEZ
TTTTTTEALL TALL (CAXNCTY W WNCD SRBONC L) Rm(l},GA4N(1),FMV<1).XMUN(1).’”
) ‘ 1GN(1)JTN(1)!PN(l)JALPDUM)

G50 TO 3001
3000 CONTINUE

TTRHONT(1)ERROULT VETPNCTY 7P T 7 Yo 01770 AN (T T

VWL=Q(1 )#Q01 )+2, #GAM(1 )/ (GAM(L )-1.)# (P (] ) /RHO (1 ) =PN(1)/RH
TT{ON (LY T T T T
QN (1)=SART (VVL)
WN (LW (1) #,88(QeideqC1y=-vVLy
RN(1)=R(1)

TN (LY EF T RN (L)Y L RN L WN (L)
GAMN(1)YsFGAMCTN(L)Y PN(L1),RN(1))

T EMN(l)-ON(1)/50RT(PAMN(1)“PN(1)/RHDM(l})
XMUN(1)=ATAN(1,/SORT(EMN(1)#a2-1,

3001 CONTINUE
JF(B.GT.0.) GO TQ 8049

GO "T6 0oy T
8046 IF (1SHOC.NE.1) G0 TO 26049
CALL SHOCPT(ISHOC,3:8ET,BETN,A,B)
RET=THN(2)=(BETN=THN (1))
T16G=1
0425 CALL SHOCK(BET,QN(2),THN (23, GAMN(2), EMN(2) ,RHONC2) »PNE2) W WN(2)
: LRN(2), QN (30, TH2, GAMN (1), EMNC1) > RHONC 1) ,PNCLY JWNCL) b RNCLY L TNCLY S

“AG-




AxMyN (1) =1)) i
ER4= THN( 1) =THZ
. _JF(ABS(ER4).,LT.1 E-04) G0 TO 2601

T 16G716G+1 "
. IF¢lGG.GT.15) 6O To 2627 e
IF(IGG.GT.2) GO 7O 2628 -
e e .. ER1=ER¢4 e
RE TP =RET
o BET=BET+.02 : ] e o
GO TO 2625 -
_ 2627 WRITE(H, 2629y o o B B L
2629 FORMAT (# ERROR IN BETA LOOP IN MAIN#) T
sT OP
T 2628 DUMM=BETP-ER1# (BET-BETP) /(ER4-ER{) T e e
_ER1=gR4 —
T BE TP =B ET -
. _.BETEDUMM o e
GO TO 2625 T 3
2600 CONT INUE s L

IFCIFLIP ,EQ. 1, AND, XN (1), GT . XFINALY JHALTZY
o JFAXN(1) LE,XCOWL=1.E-04 ,AND XN(1) ,LE. S XXJ1(NXXJ)-1.E-04) GOTO BG40
XN N= XC O L T
IFQXNCLD) LGT. XX UL (NXX J)Y =1 JE-D4) XNN =X XJ1(NX XJ )
TRATS XN =X (AN /CXN(@I=Xed ) T T T
xN (1 )= XNN .
CALL BOBUCXN (1), YN(1), THN(1)) ST T T T T e
P N{13=P (1) +RAT=(P N(l)-P LGRS
Sy EL e e e
L2=1
ZIAXXINXXJI=1)#(X(L2)=XBP)+BYXX(NXXJ~1)
LZ2EAXXCNXXJ=1) e CXNILL) - XBP) +BXX (NXXJ~1)
CDAX=(Z21+22)/2,8A8S(YN(LLI)-Y(L2)) T
_DAYE(Z1+72)/ 2. a{ XN (L 1) =X (L 2))
TPANE (P NCLIEPLLR)y 72, ’ T ' o T o
PAV= (P AV /P IN=1 ) aP INF*144.
DX THX= PAVeRDAX Tt T T T T T T
DY LF T= <P AV DAY »
CORMSE (XNCLLY*X(L2)) /2, =XSHFT T T T e e
YMSE(YNILLII+Y(L2))/2 ,-YSHFT
"~ DMOMzYMS eDXTHX -XMS @DYLFT ~~— — " "~ R T T
XTHX =X THX+ DX THX :
COYLFT=YLFT+DYLFT 7 7 T T T T T s e o e e
 XMOM = XMOM+ DM OM
0 NEL)=@ (1) +RAT®(0 N(i)=0 (1))~
T NGUET O (1) #RAT®(T N(L)=T (1))
RN(LIsROII+RAT®{RN(L)~=R(1))y =~
WNT=WN (L )+QN(1)8QN (1 )/ 2.
WT=W(1)+Q(1)=0Q(1)/2,
KNTL=WT+RAT# (WNT-WT)
WNCL)Y=WCL) +RAT & ( WN (1 )-W( 1))
IF(IEQ.EQ. 1) WNCL) zWNT 1= GN(l)nON(l)/?.
DO 3519 J= 1, NSP™ T
) ALPN (J,1=al P Uy 1)
T3519 ALPDUM(J)I=ALP( Js 1) T T T T e s e e e e
CALL ALL(CPXNC1) wm(i),RHUNci),RNc1).GAMN<1) EVN(1).XMiK(1).
1GN(1},TN<1>.PN(1> ALRPDUM) © -
2601 CONTINUE

ICMPLT =1 o ST T T T T T T e e e
) IF(XJ1.EQ. 0, ,AND,IOVER,EQ,0) GO TO 8060
1%~ 1 A S . e e e

~Ai0-



2655

1F (IFL P Eie 1)
TAA=TAA+T
XF L aAYE XN (X))

I

TUYFUTARY=SYN(T XY
_ PE (T aA = PN (1)

QR (TAAYEQN(IX)
CRF (T ady=pN ¢l x)
CWE (T AAY = WN (I XY
TRl aAy= TN (I X

THF(IAA)~THN{EX)
¥MUF ¢Fasy=XMyN (I X3}

GAMF (I AADY=CGAMN(IXYy ~ 7

gM F ol an=eM N (I x)

DO 3479 J=1sNSP

RHOF (1 AAY=RHCON (I XY

FA7 0 ALPF T VARIEALPN (I, TY

2656

IFelx.E6.1) 60 TQ 2656

Ix=1

GO TO 2655

IFCIFLIP.EQ. L)
__ICMPLT =6

Taa=lAA=1 "

NS TAR=D

IF (XNC1)+. 0001 .GE, XTJl)

IR FL IR ONE ]
JFCIFENCLLEG, L)

TTIE(NXKJ L 6T NXXJL)

7593

5989

TTDOe9l 1131, 3

TTUOARLCIL3 AT =AML (1 13,2)
AA20TI13, 1) =AA2(113,2)
13,2}

691
2602

TLSTT=0

8060

ISHOC=t T T

TUIF(XJLLGTLOL
JF(IOVER .EQ., 2. AND,LSTT,EG. 1) L
LTS T

_IF(XN(1) . EQ.XCONL)

IFENCE =0
NXXJENXXJL+1
XCOWL=XFINAL

TIFCIFLIPLGT.L0Y GO TO 2602

IFCICOWL .EQ.0)

Go 10 7593

CRP=PMM{MM)Y /PF (1AAYRPIN

IF(RP.GT.1,) GO TO 5989

NPTS=1AA
10 VER= 0

XJ1=0.

TNXX gz NXXJ#1

IAA= ]
GO To 7211

CONT INUE ~—

CEMEX T EM INFeQM (MM) /SQRTOTM (MM) )
CALL COWLO (TAA,THM (MM) JEMEXT ,BET,PMM (MMY) ™

XINT U= XINT L

. J—

XXUCT13)=XXL([13)

ARZCTL3, 1Y =AA3 (1
CONTINUE

NPTS=1AA+1
IFLIP=IFLIP+1
IFCIFLIP.GT 1)
[AA=]

XKP=XFINAL

[OVER=2

CALL INDATA
RET=-BET

GO TO 7211
CONT INUE

LM=LMAX~1
JAND

JAALGT )

LM=1000

M=1000

JTAME-
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z
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R
M= 0
__1bpT I e -
T XXp= XFINAL
_JF(NSTAR EQ. 1) M=2

TIF(ICMPLT.EG.2) M=1

_.5520_L=L+1 : e e
. IF(L.GT.LM) GO TO 6520

~ B=0.
250 CONTINUE L
[F(L.EQ, ISHOC+1) CALL SHOCPT (ISHOC M, BETIBETN, A, 87

IF (L .NE.ISHOC+1.0R,B.EQ.0. ,0R, IFLIP,NE.1) GO TO 2603

2684 POLYC=-AAS(IPL, 1)~ YN(L)+TANCBETN )# (XN(L) =X INTU)
h POLYB=-AA2(IPL ,1)=-TAN(BETN) ST
PULYA--AAl(IPL,l)
T IF (POL YA LNE. 0.
1XXP =(-POLYR~ bGRT(PDLYB*POLYB 4,4POLYA®POLYC))/(2,#POLYA)
TTHFEPOL YA EQ 0. XX P ==POLYC/POLYB
XXP =X XP +XINTU
IF(XP L GEXXUCIPLYY GO TO 2603
CIPLEIPL-1
GO TO 2684
2603 CONTINUr:
IF(L 0. ISHOC+1) GO TO 3003
EM1=XMLCA, By TH(M), XMUCM) , THN (L), XMUN (L))
EM9=EM1L S
CIF(L.EQ.ISHOCY EM1=TAN(BET)
IF(L.EQ.ISHOC.AND,M,GT . 1)EML= TAN(BET+THN[L 1)+ XMUN(L=-1)~TH(M=1)
1 -XMU (M=1)
EM 22 XM 2¢ A, By THNC KY X MUNCKY D THN (LY, XM UNELyY ™
XN (L= (Y NUK) =Y (M« EM 18 XCM) B M2 aX NCK) )/ (EML -EM2)

YN L= YOM) #E ML s XN (L )= XEM)Y ) ) T s e
IF(B8,67.0.) G0 To 681
IDROP=zD ~ - B
e BETT=BET
TIF (ML GT ITANDY TOVERL EQ V2IBETTEBE T+ THNCL=T) ¥R MUN(L- DY =THEM=17 -XMUM 7
1-1)

T A{LL,EQ.ISHOC=1) CALL DRTEST (XN(L) ,¥YN(L),EML,BETT, IDROP, +1 .M)
IF (L .EQ, ISHOC+2) CALL DRTEST(XN(L),YN(L),EML1,BETN, [DROP, =1,M)
IF(IDROP .EQ.0) GC TO 681
 LMAX=zLMAX-1

LM L M l T TTT T T T e s e e e i
IF(L.LT.ISHOC) ISHQC=1SHOC -1
GO TO 678 - S T T e e e e

681 CONTINUE :
IF (L .NE, ISHCC) GO TO 601

R M_AYS‘H0C=Y(M)
XSHOC=X(M)Y ~ =TT T e
 1F(L.GT.2) Gpo TO B02
YOUMeYMN(L)Y=EMO e (XN(LY=X(MYY ~ Tt T T T T T e m
DM =X (M)
RAT= (YLUM=Y(MI I/ (YNC A=Y eMYy T T T T T T e T T e e
o oYUM =YpUM
X(M) =XUM e ) T T
o QHOD=Q¢M)
@ (i) =0 (MY+RAT&(Q N({ 1j=-0 (M)y 77— T e e
o -Al2- L _



T (=T (M)#RATE(T  NC 1)-T (M)
R7T(MY=R (MY¥RAT&#(R “N{ 1)-R {M))
CALL PANDW (P (M), PN (L), RAT, PUM) W (M), WN (1), GH O, ON (L Yo QUMD LM (M), TEQ

TH (M) =TH (M)+rAT# (TH n{ 13-TH (M), i
TXMUCMY X MU M FRAT# (XMUNC 1= XMUTH)Y ) )
o GAMOM) =GAM(M)+RAT# (GAMNC 1)-GAMIM))
DO 644 J=1,NSP oo o mmTmTT T T
_ 644 ALPC M) =ALP (J, N>+RAT*(ALPMJ, 1)=ALPL Iy M) )
GO TO 601
60 2 CONT INUE ~
EM8=XMZ(.5. .5, THM =1 ), XMU(M~1) » TH{MY » XMU(M )}
YDUM=(EMG#* Y (M) ~E M8 aY NCL) +EMB +E M9 ¢ (XN (L )= X( M) )) /(EMG-EMB)
YDUM=XNCL) =( YN (L)=YDUM )Y/ EMS 77 7 T e
_RATE (YDUM=Y(M) )/ (Y (M=1)=Y(M))
MY =Y DUM T
XM =X UM
gHO=Q( M)y T o T
g (M) =@ (MH)+RATE (R (M-1)-g (M)
T 7MY =T TEMI+RATa (T ~ (M-1)=T7 (MY
(.v}

R (M)=R (M )+ RA T (R (M=1)-R
ALL PANDWIPEM ), POM=1) sRAT (P M)
L 1EQ,0) ) o o o
TH (MY=TH (MI+RAT#(TH (M=1)=TH (M))
XMUCM) SXMU{M)+RAT (XMU(M=2)=XMU(M))
TEAM(MY =GAM(M) +RAT#(GAM(M=1) =GAMIM))
... DO 604 J=1.NSP , e
604 ALP(J M)IZALP(J, M) +RATa (ALP(J,M~1Y=ALP{J)M))
601 CONTINUE
AL=F1 (A, B,XMUCM)  CAMIMY P (M) XMUNCO)Y L GARN (LY, PNCLY)
B1=F1 (A, By XMUN(K), GAMNCK) »PNCK)p XMUNCL ) s GAMNCL) PN (L))
XDUMK= XN (K)=XOR({NXXJ=-1) T
XD UM M= X (M) =X OR (NXXJ=1)
XD UM LE XN (L= XORCAX XU 1)
L A2 =F 20 Ar B.’_.i,','x Jr xJ___j_,_.__xD HM_{v‘,_:ﬁYJ M).:,T___H_E_’i)_ﬁﬂu_("* Yo XDUM Ls YN (L )y THNC L) »X M)
N S T XU Ly TN e B AL L AT
B2 =F 20 A Br =1 ,» XJ X JL X DUMK, Y NC K) THN (K s Mu\l (K XDUM L, YN (L ) THROL)
CLOMUNC Ly T T R Jr A A e
‘ DU%l-—(A?+R2)uX!\(L Y+ A2aX(MI+R24XN(K)
T EI G TG TV U IO UM s = AZRA LD GO XD UML/ XD UMM + 5 22 AL OG (X DUML Zx BUMK )Y
DUM = (AL®ALOG (P (M)} +81#ALOG (PNCK)I )+ TH (MI-THNCK) +D UML) /CAL+BL)
T TRN(LYEXPCDUMY T T
DUM=AL DG (P (M)/PN (L)) #AL
TpUM2=XN(L)Y =X (M) T T
IF (XJ1 . NE.0.) DUM2=ALOG(XDUML/ XDUMM)
THN(L)"DUM+TH(MJ- ApspUte ™ T T T
253 EM3A=XM3 (.5, .5, TH(M) ,THN(L))
TOTEM3B=XMI(, 5,.5 THN(K), THNCLY Y
EM3= .S (EMIA+EMIN)
T UTTESTX=ABSIXN(K ) =X (M) )
| TESTY=ABSCYN (K)=YIM))
T TR TES T LGREL 1L E- 10 ,
1SLDPE‘(YN(K}—Y(M))/(XN(K)—K(M))
T IF(TESTHX LT 1 E-106) SLOPE=1.EL0
l XDz CYN (L )=Y M) +SLOPE X (H)-EMZa XN (L)) /(SLOPE-EMI)
IF(NSTAR.EQ.0) GO TO 6881
‘ XX=ABS (1, -X(M)/XNCKY)Y
[“'""“jr%xx LT 7001y XD=(XN{KY+X (Myyrz2.
6881 hJYh(L%£“3ﬂ(ﬁBXN(L))A
T OIF{TESTX.LE.TESTY) GO TC 2250

)
)

! ) ) e = - 8 ¥ g
M

e “A3-



2230 RATD=(XD-X(M)YZ¢{XN({KYI=X(M))

P934 RATD=({ XD =X (M)) /CXN (K )~ X{M))
T 2250 CONTINUE

T 230 RATD=(YD =Y (M) /CYN(K)=YOMY )

231 RATD =( YD =Y (M)) /L YNA(K )= Y(M))

TTUEM3=XM3( .5 ,. 5, THD, THN(L)Y ¥

TIF(ABS((XDT- XD)/TESTX).LT..GUJ.) "GO TO0 2231

kKIP=g

THD=TH M)+ RATD & C THNC KY=TH(M))

EM3=XM3(.5,.5, THD, THN(LY Y 7777
XD 7= XD _ _ _ - _ o
XD={YN(L}=Y{M)+SLOPEoX (M )=EMIuXN(L)Y)/{SLOPE=-EM3)
YD =Y NCL) +EM3 (XD AXN(L))

KIP=KIP+1

TFIKIP 6T, 20 CALL ERRORTZ23q)
G0 To 2230

60 Tgo 2235

KIP=0

THD=TH M)+ RATD a ( THNCUK) =TH(M) )

YBT=vD

XD =CYN (L Y= Y( M) +SLOPE #X (M)=EM3u XN (L)) /{ SLOPE-EM3)

CYDEYNCL) +EM3« (XD =XN{L) )

KIP=KIP+1
TFKIP.GT. 200 CALL ERROR(230)

g0 Tao 230

2235 CONT INuUE

EDEQ(MI+RATD #(QON((K )=Q( M) ¥~~~ 77 0 T T T T T T e

TO=T (M)+RATD & ( TN (K )~ T(M))
THD=TH (M) +RATD# (THNC(K) =TH(MY)
CPD=P(MI+RATD&(PN(K)-P(M))
RD=R(M)+RATD#(RN(K)-R{M})
WM T= Wl M) +Q (M=) /2,

TR T WNUK YA N (Kya Qv (KDY 2 0 T

WD T= WM T+ RATD w( WK T= WM T)

TUWD =W MO+ RATD e WN (K )= WMy Y T T T T

IF(1E3 ,EQ. 1) Wp=rDT-Qlal D/ 2,

DO 235 J=1,NSP o T e

_ 235 ALPD (J)=ALPL U MY $RATD# (ALPNC Y, K) =ALP {J,M))

S CALL ALL ¢cPXD,WD,RHOB,RD, GAMD,EMD,XMUD, QDL TD, PULALPDY

DO 1502 J=1,NSP
ALPN (J,L)=ALPD(J) ~ ~7 7 7T e e e

1502 ALPDUM (J)=ALPN(J,L)

T OIF(B.GT.0.) TERM2= (TERM2+RHON(LYSGN(LI /2. —

IF(TEQ.EQ. 1) GO TO 3002
TERM2=zRHOD®#QD

[F{(B.EQ.D,)CPXN(L)=CPXD
ONCL)Y={(PD-PN(L))/TERMZ+QD

CTNA(L)=TD+CAN (L)Y +QD) FOPN(LY=PO)Y#EIN/ (CPXD+CP XN (L)) /TERMZ
CALL ALL C(CPXN (L), WN(L)» RHON (L )+ RN (L), GAMN (L ), EMNCLY W XMUNCL) ;ONC L)

1,TNCL) ,PNCL) ,ALPBUM)

Go T0 3003

3002 CONTINUE

RHON(L)=RHOD '~ w# (PN(L)/PD yae( 1, /GAMDT Ty T
Wi=aD = 0D  +2, 2GAMD  /CGAMD  -1.)%(PD /RHOD

TLoNtL Y T T

OGN AL )=SQRT (VVL)

=PNCL)

CWNALY=WD T 4L Be QDT WD T VLY T
RN (L)=RD

TNCL)=FT{PNCL) ,RNCLY ,WNCLY Y ooty s rrm mTmmm e T

-Alk-
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GAMN (L )y=FGAM(TNCL)Y PNCLY ,RNCILYD

EMN(L)Y=ON(L)Y /SQRT(GAMN (L)Y aPN (L) /RHON(LYY - ) a
e XMUN (L= AT AN (1 /SART (EMN (L )#a2-1 1))
300 CONTINUE T T T
e P DPT.EQLD) GO TO 840U
IF(B.6T.0.Y 50 1078401 ™ T
) __A=.5
R . I e e
__ GO Tg 253 A
8400 CONTINUE T
________7__1F“(B,GT 0.) 60 Tn7820
IF(L.NE, ISHOCY GQ TO 606 7 7777 -
_qFqL ,GT1.2) GO TO 680
TTRETE (YN L)-YSHOC) /CYNT £y =Y (M) - T
oYM =Y 5H 0C
Y(M)Y =X SHOC - B
. m&{o-—o(m)m S )
O TUMYER T MIFRATE(Q NG 1y-G UMYy -
T M =T MrRATR(T O NC 1T (M)
- TTRUUMYERT MM+ RATH (R ONC TL)=R T(MYY T T e
e _CftLL P AN DN (!:J (M, PN (1 ) RA T, #¢ M) ﬂ My WN (L), GHOs GN (L) QM) LW (M), 1IEQ
1,67 —
CTH G =TH M)+ RATR(TH NC 1)=TH (M)
TTTUXMUCH)Y EXMU MO+ RA T (XMUNC D= XMUCM) ) T i S
 GAM(M)=GAM(M)+RATw(GAMN( 1)~GAM(M))
o655 =1, NSE JTGARIM Y — e
655 ALP(J,MI=ALP(J,M)I+RAT& (ALPN(J, 1)=ALP(J>M))}
GO TO 606 "_ '“"
_ 650 CONTINUE o i
RAT= (Y (=1 =YSHOC) /(Y (M=1) Y (M))
.. Y(M)=YSHOC
i X(M)=XSHOC B - e
QHO= Q¢ M)
TR UMY QT MO FRAT IO (M- MY
T (My=T (My+RATe(T (M-1)=7 (M))
TRTTTMY =RTT MY RATE (R M-SR (MY YT T e
___________ CAL‘é PANDH (P (M) PO 1) ,RAT,P (M0 WOM) W (M =1 )0 GH O BCH= 1) 46 (M) W m
I, M
TH (M)-TH (MI+RAT# (TH (M=1))=TH (M))
TTTTTTTXMUOOMY ER MU M Y RA T (XU (M -1 Y= XM UMY T
GAMUM) =GAM (M )+ RATw (GAM (M=1 )= GAMIM) )
T DO 605 J=1,NSFC T T
605 ALPCJs M) =ALP (J,M)+RATe (ALP (J,M=13=ALP(Js M) )
77T 806 CONTINUE . T
k-..= '5
ared . _ L
Go TO 250 ,
76307 CONT INGE |~ " o S e _ .
[F(IFENCE.EG,0.OR, XN(1).NE.XCOWLH) GO TO 3108
XYXPz (YN(L)Y~-BFENCE)Y/AFENCE+ XBP T - - T
IFCXNCLY L LT, XXP) GO TO 520
TTTTTTDYME (YN = YNGRy 2 LRNCLY XN Y Y T T T it
XXP= (AFENCE#XBP~BFENCE- DU%%XN(K}+YM(K))/(AFENCE oum)
3108 CONTINUE —— o -
[F(XJi.EQ.0. AND JJOVER.EQ.O) GD TO 520
IFCXNCL) LT, XXJ1 (NXKJ) JARND L XNCL) LT XXP) 6O 70520 " 7= B
_JF(LST.GT,0) GO_TO 520 )
T N
XN 8= XX P

18 CXNCLY L GETXNJL INNX DY T TRNNE X J1 ()X Jy 7 T
o mAlS-



. RATE(XNNSXNOKI )/ (XNCLY=XN(KYy e
IAA= TAA+1
B IF(1pP GT.NPTS ,0R, 1AA.LT . IPPYGO TO 3999 )

TWRITE(6, 3998)
3998 FORMAT (» INDEXING IN CHANGE OF ORIGIN OVERLAPS INITIAL DATA 1AA EQ
© 7 T 1UALS 1PPa) :
.. _syOP_
3999 XN(L )= XNN
YN (L = YN(XO)+RATH (YNCL) =YNCK)) B
T UTTIHNCL T Y =THRNA(K Y+ RA T (THN (L )= THN(KY)
 pUML=ALOGUPN(KYY o . o o L

DUM2=ALOG(PN (L))
DUM=DUML+R AT #( DUM2 -DUM1)

T PN(L )=EXP{DUM) - T
e 1DPT =1 }
A=1.
; LB e S
GO TO 253
8401 IDPT=0 e

IF(IFENCE.EQ.G.OR., XN (1) NE.XCOKLH) GO T67 9804
IF(IAA.LT.3.0R,XF(1) .EQ, XFENCE) GO _TQ 9804

TTWRITEC6,9805)
9805 FORMAT (¢ FENCE MAY NQT BE ENTIRELY SUPERSONIC - CHECK FLOW FIELD=#)

ST OP
9804 CONT INUE
X FUIAM X N(Ly - T T T T o T T
Yy FOIAAY =Y N¢L)
TTTTTIGOFCIAM EQTN DY Tt - T
R FUIAAY=R N(L)

TWOF(TAAY=W N(L)
T FOIAAY=T N(L)
P FOIAAY=P N(L)

THF( TAAY =THN (L) ~

DD 8402 U= 1, NSP - ) —
8402 ALPF (J,T1 AA )= AL PN ¢J,L)

P AN EG20ANDLLSTT EQ, 00 GO TO Spp — — T T T e s e e e

LMAX =L . .
T g VG 2GS T T e e e e
520 CONTINUE
TR XN L LT O JLONXX TV AND XN LY LT XXPY A0TTOTE 520 - R
IF(LSTT EQ.O) GO TU 5520
e MAR e e e e
GO TQ 265
6520 CONT INUE ~ ~7 =7 ™ 77 o e mm e e
e A=L. L '
B=0. ’ T T T
- _b=LMAX
KK =EKMAX T T T T T T e e e e e -
K=LMAX =1

5011 CONTINUE
CIF(BLEQ.0.) THN(L) =TH(KK)
BT TS R e e ; - S
_ 630 CONTINUE
EMSL =XM3 (.5, .5, THOKK ), THN(L)Y) 7777 77 s s e s o o e
EM2=xM2CA, By THNCK) , XMUNCKY , THN (L), XMUNC(L )Y
TIF(IDESGN,EQ,0 AND.IFLIP . NE, 1)~ T o s e s
___H__M_:LCA_l_.L_BODE_(X_(___I_<|§_)L Y(l’K),TH(KK) P XNCKY pYNCK) LEM2,XNCLY LY NCL) S THN (L))
IFCIFLIPLNE, L) GO 1O 631~ - e
XN (L )= (YN{K) - =V AKK) +EMSLa X (KK )=EM23 XN (K)) /(EMSL-EM2) .
YNCL )= Y (KK)+EMSL # ( XN (L Y= X (KK )) T e e e

-Al6-




————ee

631 CONTINUE
BL=F1(A:B Y XMUNCK) s GAMN(KY /PN (K,
e XDUMK= XN (K)=XOR(NX XJ -1}
XPDUML=XN (L Y= XOR{ NX XJ=1)
________________ 62 =F 20 A» Br =1 5 XJ , X JL X DUMK,Y NCKD T HMN (K ) XMUN (K3, XOUML, YN ¢y THNCLD
LL,XMUNCLYY : : T
_ pumt P?:(XN(U-XN(K))
IF(XJ1.GT.0.DUM1=B22AL0GTXUUML/ XDUMKY
DU M= (THN (L3~ THNCKY =DUM1) /B 1
TTRN (U VEPNTEKOREXPLDUMI -
__JF(B Eg.0.) 60 To 1821
Tl =L MAK
_ LL2=KMAX
TR OXNCEL Y OT X XILONXXU )Y =1, E=-04) G0 T0 18218 T
CZLEAXX (NXX J=1) #(x(L2)- XBP) +B X (NXX J=1)
22 EAXX TN XK J=13 O XN (L 1Y =X BF 1+ BY XUNX XJ =1)
C PAX= (Z1+72)72, #ABRS(YN(L1)-Y(L2))
DAY=(Z1+22 )}/ 2. = XN (L 1) =X (L2y )y o
PAVI(PN(LLI)+P(L2)) /2.
TPAVE(PAV/PIN=L LY P INFu 144,
DX TH X= PA V& DA X
DYLFT=3PAVeDAY ™ ~
_XMsE (XN(L1)+X(L2)) /2, -~ XSHFT
YMST (YNCLLI*Y(LRN) /72 =YSHFY 7
_ DMOM=YMS#DXTHX=XMSeDYLFT
CXTHX=XTHX+DXTHX
_ YLFT=YLFT+DYLFT
XMOM=XMOM+DMOM
1821 CONTINUE
DO 1503 J=1,NS5P
ALPNCJLY=ZALP(J)KK)
71503 ALPRUM(JIY=ALPN(J,L?
_________ IF(IEG.EQ. 1) GO 70 3004
TE RM 2= &M OC KK Y& QU KK )# A
IF(B.GT.0.) TE RM 2= TE RM 2+ Be RH ON (L )2 ON (L)
TEN(L Y= (P (KK) “PNCLY ¥/ TERM P+ QU KK™)

> XMUNTLY A GAMN (L)Y PN(LY)

_IF (8 Eq. 0.y CPXN(L)=CPXUKK) L :
TN (L 3=T7( KK )+ (ONCLY #Q (KKYDY 7 a(PN(LY=PIKKDYYSEIN/CCPXTKK I+ CPXN (LYY /T
1ERM2

T e A LD T RLL RN U S W TUY RAON LY, RN DS BAMNTTENRTOY L KMONT Y TANCLY T
1,TNCLY ,PNCL) L ALPDUMY

GO TO 3005 T T - Rt
3004 _CONTINUE
RHON (L)=RHOCKK Y& (PNCL) /P (KKYYaa( 1, /GAM(KKY)
__yvL= QUEKKI# QKK+, #GAM (KK) /(GAMIKK)~1. )% (P (KK) /RHO (KK} -PN(L) /RH
TN (L)) T -
L ONU.)=SORTIVVL)
THUNA(L)IEWIKK )+, 5a(Q(KK) s Q{KK Y=yVL)Y
1 RN(L }=R{KK)
TTUT T UTTIN(L Y= FT(P&(L).RN(L).NN(L))
: GAMN(L Y=FGAM(TNLL)Y PNCL) ,RNCL))
P T e N (LY SONCLT ZSOR TUGAMNTTL Y # PN (L Y/ RHONTL)
XMUN (L )= AT AN (1. /oQRT(EMN(L)*ﬂE -1, bR
3005 CONTINUE ¢ | T
IFCIFLIP NE,.1) GO TO 632
TP2=PN(L) /P (KK) ) o
CALL PM(P2,TH(KK ), EMC1 ,TH2T,EMC2,+1)
f““”““’ERA TH2T - THN(L;'“"” i
IF (ABS(ER4).LT,1.E=04) GO T0 632
— e igsiped d.pmral Y Y bve
o o -A17-




STOP
634 DUMLETHSVV-ERE®(THN(L) - THSVV)/(ER4-ER
o ER6=ER4 S . o
THSVVY=THN(LY
 THNCLY=DUMAL 3
GO TO 630 B T T
632 CONTINUE
TF(B,G6T. 0. GO T01265 e -
.. A= e N
B=.5 T T
G0 TO 5011 L
1265 [AAS=1AA T
. IF (IFLIP EQ. 2. AND, XN(L) GE ,XFINAL) THALT=1
T IR O HALT CEQ, 1) GO TO 1802 T
IF (XNCL) .GE.XF INAL ) GO TD 1802
IF(XJL.EQ. 0. .AND,ICQVER.EQ. D) GO T 265 T T T
IF (1FENCE.EQ ,0 ,OR, XN (1), NE ,XCOWLH) GO TO 3109
TTTIFCXN(LY JLLT,XFENCE)Y GO TO 265 oo
XN N= xF ENCE
TTTTTTTTGD T 31107 Tt T T prmm e m s e e
3109 CONT INUE
IF(XNCLY LT XXJI(NXXJ)) GO TQ 269 T )
1802 CONTINUE -
XNHN=XXJ1 (NXXJ) I ST m T
3110 CONT INUE
TTRATE XNV SX (KK )7 (XNC DY =XKWy Yy T T T T T e e e
‘IAA 1
ST a S
_XF (T AA)=XNN
IF(IFLIP.EQ, 1) GO TO 2605 o i
 XCHEXNN =XINTL
L}( :3 - ST T T e T T T T T B - -
o IF(XCH.LT.XXL(3)) LK=2

05 YF(IAAYSY(KKI+RA T (YNCLY =Y (KK} )

635 FORMAT (% ERROR IN PM L"DUP‘A‘T CONTACT TN MAIN®Y

CIF¢ip.G6T.15) GO 0633 o

o IF(IB GT 2) GO TGO 634 T ' T o
___ER6=ER4 . o L
T YRSV V= THNCL) T
THNCL) =THN (L )= ,01#ABS(THN(L)) S

TTgo TO 630
633 WRITE(6, 635)

TR (XCH L TUXXL(2)) LK=1

YF (1 AAY=AAL(LK,2 )8 XCHo XCHe AAQ(LK,2)a XCH+ AAS(LK,2)

THECTAA) sATANC2, sAAL (LK, 2) #XCH+AA2 (LK, 2))
GO TQ 2606

THFCTAA) =ATANCTANCTH(KKY )+ RA T (TAN(THN (L)) -TAN(TH
2606 CONTINUE T T
OF (TAA)=QUKK)+RATe (AN(L) =G (KK))
RF(IAAD=R(KK)+RATe (RN(L) =R (KK))
PF (I AA)=PCRK )+ RA TS (PNCL) =P (KK) )
Tl =lan -
L2 =KMAX

22 =AXX (NXX J=1) a{xXF (L 1) =XBP )+ BXX{NXXJ=1)
TUDAX= (21+Z2)72, sABS(YF(LLYSY(L2))
DAY=(Z1+72)/2, 8 (XF (L1)=X(L2))

(KK))))

T Z1EAXX(NXX U= D) R (K (L2 XBPY 4B XX (NXXJ-2) T T T T

TTPAVE(PF(LIY«P(L2)) 72, ST T T
PAVE (PAVM /P IN=1,)4PINFa144,
DY THX=PAVaDAX L



i ——

b DYLF T=+PaVsDAY
XMS CXNOLL Y+ XS

- S (YFCLLY+ YL
COXTHX =X TH X+ DX TH
YLFT =Y LF T+ DYLF
KM OM =X MO M+ 3M OM
WE (1 AA Y= W(KK )+
TR CIAAY=T (KK Y+
TTTHASK (KK +G(KK)
CIF(TEQ.EG. 1) W
DO 3841 J=1,NS

"TAA=TAAS
cONT INUE

KM AX =L MA X
BETREETN T
EMCLl =EMC 2

DO 270 K=1T,KMA
%4 K =X N K2

'“bMUH??MSuDXTHx#

TIFPNCLMAXYLE

L2072, =XSWFT 7
L2931 /2 ,~YSHFT

XMSaDYLFT
X

1T

RATa (WN({L)Y =W (KKY )
RAT# (TNCL) =T (KK) )

#Q(KK) /2.
FOTAA) sWA-
b

QF (LAAD®QF (1 AADY/ 2,

CALPF (JLTAA Y= AL PO s KK )+ RA T (ALPNC Uy L) -ALP (J,KK) )

PENTAND VTDESGN,EG 1Y

B6TO VRS

e

TYUEY =Y NCKO)
NCK) =@ N{K)
TIKY=TN(K)
TH(K)ZTHN(K)

TP(K)=PN{K)
R tKI=R N(KD

W (K)=W HN(K)
CPX(K)=CPXN({K)

EM (K)=EM N{K)
UMUK =X MUNCK)
DO 271 J=1 ,NSP
AL PC s K =ALP NC
No 1504 J=1, NS
ALPDUM (J )= AL PC
CALL ALL
AP LALP DUM)

S
1504

T RHO{K) =RHON(K)
CGAMK) =GAMN(K)

K

P
Jr K

CCPXCKY W (K'Y, RHOCRY TRTK T GAMURY JE KT X MY (K Y GTKY TR,

CONT INUE™ —
IF (N-NPTS)
N=N+1

GO Ta 500
CONT INUE
 NSTAR=1

A
7266
7201

7202

720

1,7202,500

TTIPPSVY= 1PP+1

) N=N+1

9123 KTEST=KMAX/2
) KTEST1=(KMAX~1
KT3=KMAX-1
TIF(KTEST JEQ.KT
I=0

Do 6412

L=1,KT

TG0 TO '5-00 T

EST1Y KT I=KMAX

)42

e




W (I):W (L

R (1Yy=R (L) D Tt T T T - s
e TH DY =TH by

EM (IY=EM (L) o

CPRCI)=CPX (L)

RHO{ 1Y =RHO (L) T o T TToTTTT T T T -

GAMC 1) =GAM (L) -

TTTOXMUCT) =XMUCL)Y
e __DD 6434 J=1:NSP
6414 ALP(J, 1) =ALP(J,L)
6412 CONTINUE
IF(KTEST.EG.KTESTL) GO 70 6443

X
I S 0 0 SR 10
Yy (I1ry=Y (L) ' T
~ 0 (D=0 (L
P (I)=P (L) ) - ) T T e e e e
T (h=T (L)
W CDy=Ww (L) T T oo T e e
R _1)=R (L)
TH C1y=TH (L) - - ) T
B EM (1) =EM (L)
CP X 1) =CPX (L) - T - T ST s e e e e
RHOC( [} =RHO (L)
GAMO 1) =G AM (L) oo T T B B - T e
________ _ )(MU([):XMU(L)

Do 6415 J=1,NSP
6415 ALPCJ, 1) =ALP (J,L)

6413 KMAX=KMAX/2+1 e
LMAX=KMAX

) © G0 TO 6060 - I o - A i
——. . END_



cUgROUTINE "INDATA
MM#WH_pOMMDN/CONL{ICONL,MM,XM(Q),YM{Q).PM(91,NM(9),RHM(Q),THM(9{:Q@LELJMW_._
1RMY9>;THTQ))GHI@X&YMUM(9i]EHM(QTIAEPM(7193,EﬁxM193”‘“““” T
COMMON /SHAPE / A1ﬁ3-2),A2(3:2),h3(3.2),XXU£3),XXL(3),X§ﬂjun§jﬁ{y_m_“ﬂm_
cOMMoN/CTM?xsﬂ?T,YSHFT;XTHk,YEFTixMDH“'"“'L"“””"“"""—"' T
_COHMUNJXXJ/NxXJl,xXJlte}.AXiﬁéa.SXXt6>.goncsx_

COMMON /X FINA L/ XF IN AL '
___COMMON /5P/ NSP

cOMMON /A, " TIne CPIN RO
__COMMON/B/ WTMOLE i

COMMON /D / GAMINF EMINF SRINF, wINF — 77
_ COMMON/F /A9, 89,1800, XWF, NBCD, YEND - )
dHMGNEﬂX/LhXJl}WWS}imIREFL,WHEH{WuNCHHDESG&WR,MMHfEP- T
__mm“}YBP,THBP,RAD,XBOD.YBOD;THBUD.RADB.XEND,THEND.RTH,YEXIT.THST,TEST: B
IﬁRFCT?ﬁTRADBEIQHADfEﬁYT"“”ﬁSTARIYNCZ;ETNﬁm“MfPENTglﬁﬁHi?“m_""”___"w
________ COMMUN/XF/Xthou).YF<209>,4%T(200).@rczoo),TFc200>.‘n+r(200>.ALPF(
L e s S R (2000, TF (2002, Hr(BU) wALE TN
_ COMMON/X/ X(200) .Y (200, PL200) 8 (200), T(200),TH(200) ,ALP (10,2002
e MM /X CONL X COME LECRCURABAREL AR AR AL LL SR
COMMON /F VAR/
_"”””TRHOFXEHUdICPXV(26637EMFT25617XMU?T?GhTTW?(EhﬁTTR?TZDEYTGKMFK?D@?i”’““”
2XMASSF (200 ), HF(200),5F(200) ,ALPDC10),
e e U
COMMON/VAR/RHO(200),

”M'iEH€200YJXMU(QDD5;CPX(2ﬂUfTW(200):RiZDUﬁTGAﬁTQUdiTYHKSSIEﬁﬁ)fw"ﬁﬂm_" o
2 XNc200>.chzﬂp},mmcznn).TN(EUD).PN(EDU).jHchop1JRﬁng"__

3(200).EMN(?DUY.XMuN(EOUJ;CPXszﬂo)}wNTébna.Rﬁ(éaniishmm(éod),
__JM4XMA55N<2003-AL?N$10r2Q9?)3l£iQ>-ﬂlﬁlQle_m  ERRA20),TEMP(Z0)
§,ALPDUM(10) ' . o T CoTm T
COMMON/IEQ/IEQ,PIN/RHOINF ,UINF,PINF
TCOMMON Z10VERs TOVER T T
COMMON /X TJ1/ XT J1
0 MM ON /P EN CE 7L FE RC B AFENCE LB FENCE, XWWENCE :
DIMENS JON WTMOLE €103, TYPE(6) , TYPEL (4), TYPE2(2) , TYPES (43, TYPEA( M)
“TTpATA Typsz“/iuH"“NDZZLE‘“;iUHCENTERBODY/“‘”"““*’“““"”””“““"““"m"“‘"*“”
DATA TYPEL/1OHHYDROGEN A,10HHYDROCARBO,2HIR, BHN AIR/
TTTDATA TYPEZ1O0HTWG DlMENS.iOHAx{SYMMETR;10HLlNE’SDURc;5HIGN}LTSHIC‘"“”“
1 + BHE / :

__"”"m"ﬁﬂTA”f?PES?IﬁHf’E"U“W”__TThW""“ﬁ"EMS“TﬁﬁF I E L D,9H0 G N 7T
DATA TYPE4 /1 OHFROZEN JAOHEGUILTBRIULLH »1HM/
TTTTTTUDATA XXU73*1;E+06f}XXL?S#fZE+06/,END?lelbé?“ﬁmwmwww’ T T
DATA I1OVER/0/
“ipg PORMATELRLY T s
16 FORMAT(3X,14,3X,10E12,4) )

{602 FORMAT(10X,10E12,4)
[F(1OVER.EQ.2) GO TO 910

— 1020 e

|\REFL=0
T IPUNCH=0 o T T T T T T e

IDESGN=0 . ‘

TTTTTTICHEM= 0 - ‘ T T
READ (5,6895) ,J1,J2,NPTS, [EQ, ICOWL,- IOVER

5400 NSP=7 CTo T T

6895 FORMAT (16185) o

T READ(5.63) XBP,¥BOD, XCOWL, RTH, TEST  XFINAL,XTUL 7 7 7
READ(5,63) XSHFT,YSHFT XTHX, YLFT, XMOM

— T READ(5,6895) NxXJl T T
PO 393 1=1,NXXJ1

393 READ(5,9463) XXJLCIVTAXX TV, 8XXC 1)L, MORCTY
: -A21-



9463 FORMAT (4£10,0) o
READ(5,4) IFENCE,AFENCE, BFENCE . XFENCE
4 FORMAT (15,5X3F10.0)

Xxdl(NxXJ1+1)-xF]NAL

AXXCRXXJ1+1) =A XX (NXXJ1)

BXX{NXXJ1+1) =B XX (NXXJ1)

XOR (NXXJ1+1)=XOR (NXXJ1)
TIF(IFENCE.EQ.,0) 6D TO 321 7

_XXJ1(NXXJL1+2)=XFINAL

TUAXX (NXXJ1e2)=AXX (NXXJ1) T~
BXX (NXXJ1+2)=BXX (NXXJ1)

321 CONTINUE

XOR (NXXJ1+2)=XO0R (NXXJ1)

XINTU=XxBP
X1 NT L= X8 GD

READ (5.6895) NUWSEG, NUWSEG
READ (5,6363) (XXUCL),AL(L,2),A2(L,1),A3(L,1),L=1,NUNSEG)

READ(5,6363) (XXL(L),AL(L,2),A2(L,2),A3(L,2),L=1,NLWSEG)
6363 FORMAT (4E1 0, 0)
3531 WRITE(6,7329) TYPES(IDESGN+1), TYPES(IDESGN+3)

“3A10,A5/10X #NUMBER OF POINTS ON INITIAL DATA LINEIS %,13730X,”

44THROAT RADIUS (RTH) = #,E13.5)
NRITE(6,5001) TYFE4(IEQ+1),TYPE4(IEQ+3)y
5001 FORMAT(
110XaCHEMISTRY IS w#A10,A1)
WRITE(6, 7500) XCOWL, XF INAL

7329 FORMAT ( 41X«N 0 2 Z L E <« CENTERBODY «//50XA10,49)
TOP 1=yl 4142842 LT T T T T T T e e e
_____ P2z JP1+3 S o
WRITE(6:7330) TYPECJUPL ) TYPE(JP2 Y,TYPEL (ICHEM+1 )
7330 FORMAT ¢ /37X.4F G R ONONUNIFORM "GAS  F L0 W
2a/// 10X, #TYPE OF FLOW IS »,A10,A5,+ FOR #,

7500 FORMAT (10X#CONL TRATLING EDGE IS G135/ 10 X% AXTAL COORDITATE OF EN ™~

1D OF RUN IS #E13.,5)
IF(J2,EQ.0) GO To 7510
WRITE(6,7501) XTJ1
7501 FORMAT (10XeAXIAL COORDINATE OF START OF CARTESIAN SYSTEM 1§ wE13.5
)
T WRITE(E,7502)

— o mmae A s e e aL e — e e e - ——— - - -

7502 FORMAT (/ /25X #L INE SOURCE COORD INATES #)

WRITE( 6, 7505) e
, DO 7503 1=1,NXXJ1
7503 WRITE(6,7504) XXJL (1), XXJ1 (141 ), AXXCTY ,BXYX (IS, XORCYY ~ ——— =

7504 FORMAT(10X,4E11,3,5X,E11.3)

7505 FORMAT (15X#X#4X#T0odX#X#11XoCOORDINATES®12X#0RIGIN Xa)
7510 CONT INUE
WRITE(6,2020)

2020 FORMAT (//25X8#UPPER WALL COORDINATES®)

WRITE(6,2071) S T e

2071 FORHAT(1SX@XMXﬁTOMX*X*lBXﬁCOORDI'\JATES*)

2042 FORMAT (10X ,5811.3) . o T o

PO 2050 1=1,NUWSEG

2051 WRITE(6,2042) XXUCI),END AL (1,1),A2(1,1),A3(1,1)

IF(I EQ.3) Gu 10 2051
~ WR ITE( 6. 20 42) XX U( IJ,xxuc1+1>,A1<I.1 Ye A2(1,1).A3(1.1)
GO To 2060 T

2050 CONT INUE
_ WRITE(6, 2010)
2010 FORMAT (//25XaL ONER WALL COORDI NA TE Sa ) T e s e

-A22-



WRITE(6,2071)

DO 2040 151, NLWSEG ™
____IF(¢1,EN.3) GO_TO 204% . o

WRITE(6, 2042y XXLCI) ,XXL¢T+1), AL (1,20, A2(1,2), A3 (],2)

GO To 2040 L o } o N
2041 WRITE(6, 2042y XXL(I),END s AL (1,23 A2¢D ,2)s A3 (] ,2)
2040 CONTINUE e

p0 7373 L=1» NUWSEG
7373 xXUCL) =XXUL)y-XINTU -
DO 7374 =1, NCWSEG
7374 XXLOL)Y=XXL (L)=XINTL _
3532 CONT INUE
CREAD(5,63) EMINF,TIN,WINF,PINF -
D0 5002 [=1:NPTS — -
_________ DO 5002 J=1,NSP
5002 ALPF (J.T0=0.
READ (5 ,6364) (XF (1) YF (L), PF (1), QF (1), TF (1), THF( 1) LRF( 1) ,1 =1 ,NPTS)
1F<I'Eu.e(3;o)““”‘"““"""-'—-“ﬂﬁﬂ*"-'~-v"~~~"“"~m~ﬂAw~ L R r
1READ(5,6364) ((ALPF(J, 1) ,J31,NSP), 1=1, NP TS )
6364 FORMAT(?EiU n o e ' S — —
lTHM(MM).RM(Mm) - : NS S
~ IF(IEQ.NE.Q,OR,ICOKL.NE,1) GO TO ?511
WRITE(6,7542) 0T OO
7512 FORMAT (¢ FROZEN EXTERNAL CASE NGT ALLOWED=/# CHECK INPUT MANUAL FO
1R POSSIBLE USES OF TEQ AND ICOWL#) e oSS L
___STOP
7511 CONTINUE
B69B FORMAT(I5,5X,5E40,0)
IF(ICOWLLEQ, 1>wRITEt6.5005)MM PM (MM S OMIMME) , TM(MMY S THM (MM, RM(MM)
5005 FORMAT (//20X#DATA AT COWL#/10Xx*NUMBER OF POINTS IN PRANDTL-MEYER F

14N IS #12/10X#PRESSURE z#F13.5/10X#VELOCTTY zuf
113 .5/10XsTEMPERATURE =5E 13,5 /1 0X#F LOW INCLINATION =+E£13 .5/
TUIOWEFUERLT T O AR RATIO R EL S 5y . SR EE ST
IF(IREFL ,EQ, 0) GO TO 4600 .
T7g1'6 CONTINUE T T T T e
N0 4005 1=1,NPTS
T =NPTS- [+ o T - T T
X(IE)y=XF (1)

TR (T ESYECY T
o euIly=eFcly L
TCID)=TF (1) T T
Pelly=pECLy
TOIH(T 1) == THF T
 RCIL)=RFADY L o
WEIDy=sWF (D) e
DO 4010 J=1,NSP
4010 ALPCJ, TID=ALPF (I, 1Y
4005 CONTINUE
DO 4006 [=1,NPTS
xF (1y=X(1)
TYFUI)y =YD
QF (IHy=0( D)
TTF(DH=TCLY T T
PF(LY=P( 1}
THFCT) =THCD)
RF (1)=RC(1)
T E (LY =W (D
DO 4007 J=1,NSP
4007 ALPF(J,1)=ALPCJ, D)




4006 CONTINUE

_4000

TTWTMOLE (B )y=32.,0

P INZ(AZ B ZeTINHCZ aT INew 2+ DZ T INse 3+ EZ 5T [Nae ) RO/ WTMOLE (5 )

T T yB gD =D UM
T YHBP =-THBOD

" "YEND == YEND

TUWTMOLE (1L)=1.008

CWTMOLE(7)=28.014

pUM= Y BP
Y8 P= -Y BO D

DUM= -THBP

THBOD=DUM e
THEND=-THEND V.
1F (1 oVER .EQ.2) RETURN
CONT INUE
XJd=J1
XJ 1= J2

WTMOLE (21216,

WTMOLE(4)=2,016

WTMOLE (6)=17 .008

WTMOLE (8)=44.,011
WTMOLE (9)=28.011
WTMOLE (100 =44.1
RO =1 ,987 ,

CALL COEFF (5,TIN,AZ,BZ.,CZ, D2 ,EZ,FZ,62)

CALL COEfFF (7,TIN,AZ,8Z,C2,D2,EZ,FZ2,62)

CCPII=(AZ+BZaTIN+CZ#T INwa2+DZaT INws 3+ EZ 0T [Nswq) #RO/WTHOLL(Y Yy ™~ 777

6899

6723
140X, #AS FOLLOWS -#/7/740%,8X BY RTH&#,/40X,#Y BY RTH®/40X, 0 BY FREE S
ZTREAM VELOCITY#/40X, =T BY FREE STREAM TEMPERATURE«#/40X,#P BY FREE
ISTRE AM PRESSURE®)

.2003

6897

2929

2930

63

IF(IEQ.EQ.0) GO TO 2930

11

RINF=RO/WINF e
CPIN=.2324CPIN+,7684CP 11
GAMINF=1,/(1.-RINF/CPIN) ) e

EIN= (GAMINF=1,) & EMINFa#2
PIN=1./GAMINF/EMINFa a2

COUWRITE(G, 6899) EMINF, TIN, WINFL,PINFT 777 T

FORMAT (/7 BOX,2INFINITY CONDITIONS: /50X & 7= mw == ca mom s o e e ey /

1/740X ,#MACH = -ecoomam cm e e mm e =e =5 £ 13,5 /40X , 2 TEMPERATURE (DEGREES
2 K) ===4,E13.5/40X,#MOLECULAR WEIGHT =-reer=wmeas ,£13,5/40X
1#PRESSURE (PSI) mmm—e--omwema=ab13.,5) - -

WRITE(6,6723)
FORMAT (//740%, s0UTPUT VARIARLES AREw/40X, # NONDIMENSIONALIZED®/

IF(IEQ.EQ.0) WRITE(6,5003) .
FORMAT ( /40X, ®ALF (J) IS MASS FRACTION OF SPECIES Js) .

DO 6857 I=1,NPTS
PF(1)=PF (1)%PIN '
CONT INUE e

UINF=1716. T IN#1 ,8/PIN
RHOINF ={(PINF /TIN/1 ,B/1L716, )0 2116, — ~— — ~ —~—~ 7 7 7

D0 2929 I1=1,NPTS o
WECIY=FH(PF(D) ,RF(I)LTFLL))
CUNT INUE T ) Tt rrnmmTmmm e e Tt o LT

HL6=GAMINF /W INF/ 2, sEMINF sEMINF

H17=1,/H16 T T Ty

FORMAT (8E10,0)

FORMAT (7EL4.4) 7
RE TURN
el g SO USSP



TM=1000
AF(T-1000)10,10,20
1060 TO

_SUBRQUTINE COEFF (1,T,A

L

Gy

(15,16,13,11,12,17,14,18,19 ,1

11 A s 2.8460849E 00 _
B z 4,1932116E-03 7 T
L ==9.6119332E-06
D = §,5{22662E-09 T o -
E z-3.3093421E=12
F =-9,6725372E D2
G _._=m1.4117850E 0Q _
60 T0 40 ' o T
_ 12 A = 3.7189946E 00
B =-2,5167288E-03 T T T
L = 8.5837353E~06
D z=9,2998716E-09 -
B = 2.7082180E-12 B
F ==1.0576706E 03 ) T
6 = 3.9080704E 00 L
GO TO 40 o B
LA3 A = 4,1565016E 00
R == 1. 7044 33 4E -0 3
¢ = 5,6982316E-06 _
D z=4,5930044E-09 T -
FE = 1.4233654c.12
F == 3. 0288770 04 T Tr
6 ==6.8616246E-04
G0 TD 40 T
14 A = 3,691614BE 00 _ -
R =~1.,3332552E-03 T o
__C = 2.6503100E-06 _ -
D =-9,7688341FE-10 T T o
B ==9.9772234E-14
F =<1, 0628336F 03 T
G = 2.2874980E 00
G0 1o a0 e e — S _
15 A = 2.50000005 00
B = 0,0 ) T T T e T T
C = 6.0 o
D = 0.0 o T
__E _=0.0 .
F 27554704978 04 i T T T
~ ___7_(};_“7w =."4 6091096E Ui
‘GO TO 40 T T B
16 A = 3.0218894E 00
B =-2.1737249€-03
C = 3.7542203E«06
D 22,9947 200E=-09 e T
. E_ = 9.0777547BE-13
T F = 2.9137190E 04 ) T T B -
G = 2.6460076E 00
TGO TO 40 T
17 A = 3.8234708E 00
TR =1, 1187209E-03 T - T T
C = 1.2466819E-06
TP =-2.10358%6E-10 - T T
£ =-5,2546551E-14
e E T TV B85278 76 03 T T T e
6 = 5,8253029E-01
TTTTUgo TO 40 o - e =
et .2 S



. 1g a=2.1701 - —
Re1.0378118FE=02" -
= +1,0733938E-05_ e
P=6, 3459175609 T
 E=~1,62807018-12 .
F=~4 ,8352602E+04 - ST T
G¥1.0664388840¢ . e
GO TQ 40 . -
19 A=3.7871332
= =2 .1 709526 E~03
¢*5.07573378-0 B o
D==3.4737726F~09 T
£x7.7216841E-13 e e
Fz w1 .4 36 35 08 E+ 04 o
. 6=2.6335459 B
63 TQ a0
20 60 TO (25.26,23,21,22,27.24,28.,29),1
21 A = 3,04368%7E 00 } - T “‘*
B = 6.1187110E-04
T ==7.3993551F =0 9 - T T -
D =-2,0331907E~11
E T 2.4593791E~15 -
F ==8.5491002E 02
6 =-1.6481339E 00 T T T T
GO T0 40 o i
22 A = 3,5976129E 00 T T T T
e B = 7.8145603E-04 _ -
c == 2.2386670E-07 T -
D= 4,2490159E-11 ) ~
£ z-3,3460204E<-15 ST T T e
F  ==1,1927918E 03 o
G = 3,7492659E 00 T T T T e e
.60 Tg 40 B
237A = 2,67078326 00 T T T T T T T
B = 3.0317315E-03 .
C =B, 5365157 0E ~0 7 ~ T T
B = 1.1790853E-10
E = p.1973568E-15 ~ [ — T T
P ==z 98 g8 99 4E 04
G = 6. B838391E 00 T T T - .
.60 To 40
247 A = 2,3545761E 00 T - T -
B = 1,5976316E=03
C  =-6.2566254E-07 ST T T e e e e e
D = 1,1315849E.10 L
E z-7,6897Q070E~15 ' B "‘ Tt
. F  =-8:9017445E+02
G = 6,3902879E 00 T T T
. GO To 40 ,
25 A = 2,5000000E 00 et — -
_B_ =060
c = 0.0 - . T
B =00 e
E = 0.0 ' ' T T T T T T T T
F = 2,.5470497E 04
G =-4,6001096F-01 o ST T T T e e e
. .60 To_ 40
26 A = 2.53728676 00 T o o T
. C =8, 8017921E-09
D = 5.9 T T o e

643621E-12




-—— E = 5 57 43408E .16 o

F ="2.923%0007E 04 7 T T e
o G = 4 9467942E 0

GO TQ 40 T
27 A = 2,8895544E 00

B = 9,9835061E=04 o T T
L ==2,1B79904E-07

D = 1.9802785E-11 I

E ==3, 845264 0F -1 6 >

F = 3,8811792E 03 . -
e G = 5.5597016F 00

GO To 40 — - R

28 Az4,4129266

B3, 19202896E-D3F T 7 T T e s
___ec=-1.2 97 823E-06

D= 2. 4147 446E -1 0
o F=-1.6742986E~14

F=wd4 89440 43E+ 04 - " e T

=-7,2875769E-01

60 TO 40 I e - R
29 A=2.,9511519

I T 1012 72X - =3 + 1
g=-6,1911441E-07

D=1. 135033 6E -1 0 T ““ N T T e

_ F=-7,78B2732E-15
F==1",4231827€~-04 T T e - -
G76.531445
"~ 40 RETURN - e
_END
%! - T - - =
e ~A27- . e




T TUQUBROUTINE ERROR(TIIID) - T T
_  WRITEC(6,tUw) 1111
100 FORMAT (7HLERROR=1(5) ~ T - -
_ CALL EXIT
RE TURN T T T T
~_END o -
_ } o -A28-



T TGURROUTINE BOBL(XT LY Iy THT XL YL, EM2, XN, YN, THN) T T T
o _COMMON/SHAPE/ 1(3,2),A2(3, 2),A3(3 120 KXU(3) p XXL () X INTU, XINTL

XX TXINTL
COXLEXL=XINTL

ICK=1
L=3

TASLETANCTHIY
KNZ(Y] =YL+XLaEM2 =X 18 ASL) /(EMR=ASL)

TTETIF XN LT LXXL (3 =2
TP (XNLLT.XXL(2)) L=1

TYNSAL(L, 2) sXNEXNEAR(L, 2) aXN+ A3 (L ,2)
YT =YL+ (XN=XL)eEMZ

TER=(YN-YT)
1F (ABS(ER) ,LT,1.E=-04) GO TO 10

TYEKEICK L
IF(ICK.LT.15) GO TO 3511

TWRITE( 6, 3512) T ) o
3512 FORMAT (e TOD MANY ITERATIONS IN BODL#)
&7 0P LONs TN BULDL®) . e
_ 3511 IF(ICK.GT.2) GO _TO 3513
ER1=ER B - -
_ XSL1=XN_
yN = 0N T T o T T B
_L=3
O f g e e S e e
3513 DUM=XSLL-ERLa(XN ~XSL1)/ (ER=ER1)
"ER 1= ER T N
o XSLL=XN
= ow ] e e
. L=3 e _ e
GO TO 5 T
10 THNRATAN(2,#Al (L, g)uXNmz(L 2))
XD =X T XINT L T
XL =X L+ XINTL
TN =X NeXINTL T T T ‘“‘ N
RE TU RN
END Tt T T e e
. . i
} N . =A29- e



QURRQUTINE BODUCX, Y, THY  — 777 7 777 7 T I s e e
COMMON/SHAPE/ A1(3,2),4A2 T
K= X=XINTU rA2(5.2), A3 LS, 2>-><><u<3).xxu3),x1mu XINTL

L 3 JE

IF LT XXUC3 'y =2 ) T
o IF(X.LT.XXU(E)) =1 ﬁ
= AL (L, e XX+ a2 (Lol y# X+ AJ L S e T e
. IH sATANC2. nAi(L.1)ax A2 (ﬁ :);1)
X= )(+ xI NTU T R B -
___ _RETURN
EN el e



SUBQDL} |I NE CGL‘%L( Or‘ --\ N

___COMMON/COWL/ ICOWL, MM, XM(Q)pYM(g):PMCQ)rNM{Q).RHV(9).THM(9).GM(9). o

A

385_

_ATM(MM) ,PM(MM).ALPDUM)

1RM(9).TH(@‘);GM(Oy,xMuMw). EMMCOY L ALP M7, 9) sCPXM(G)

COMMON/IEO/IEO PIN, RHOINF UlNF PIKF B
COMMAN /V AR /RHO (200 ),

LEM(200 ), XMU(200) ,CPX(200), W(200) ,R(200), GAM(200) ,X¥ASS (2000,
2 XI\(?_Uo;,YN(?aD),vN(EoD),TN(RQD).PMEQG).TH'\J(EDO),RHON
_3(200), EMNC200) ,XMUN(200) ,CPXNC20Q) ,WN(200) R NC200) L GAMNC 200} ,

XM AS SN (200, ALPN (105 20 00,8 1€107, KT (10D, T T ERR(20) TEMP ()
_5LALPRUMC1D)

COMMON /SP/ NSP

CCOMMON /X / X(200),Y (2000, PL200),0(200), T(200) ,TH(200) ,ALP (10,200)
TXM (MM =X (1)

YM (M M) =Y (1)

PR MM =P MOMM Y8 PTN

WM (MMY SF HOPM (MM G RMOMM), TH (MM) )
PO 4385 U1 NSP
ALPDUM (J )= 0.

TCALL ALL (O Qs WM (MY RHM GM MY R MO MM Y GH MM LB MM O TX MU MOMM DS GM (MM T

TTRETE (THM (HM) SOPT eXMUMIMMOYFTTH (171 a1l 1 B -
L ITT=1 -
o F AN e g e e e
3 oIT=1
________ o B N S e e -
YT =QM( MM )+ COS(BE T- THM( MM ))
T EQM CMM Y ASTNCBE T THM(MMY Y 7 7T T "'
 UL=ABS(UL) - -
GM1=GM(MM) -1, T T T - o
 GP1=GM(MM)+1, O 3}
XM1=EMM{MM)I#SIN(BET-THM(MM ) T
 XMS=RHM(MM)I#U1 '
IFelT. g0 1) UM-UincsmiﬁXm«XMMe )/Gpuxmﬂm o
7 RH 27 XM S/ UM
TTTTTTRM (T 1Y SXMS #{ UL UMY P M{PM )T T T T T T e e e
V1 =Q M MM Y# OM (M M)
T T2 =V TavT sUMaUM T T T TT T s T e e
WM (T 1) =WMOMM )+ (V1-V2)/ 2,
- RM(II)-RM(%M) T
RHMC TT)=RHEQ CHMCTT ), PMCLT) ,RM(TT), TH (1))
T TTTTER =R H2 ~RHM (T D) - T
IF (ABS(ER),LT.1.E-04) GO TO 9
T IT-iT* T oT T T e
_ IF(IT.GT.10) GO TO 100
(F(iT.67.2y GO To 11 B -
CER2=ER
i 2T e e e e
UM= UMe , 99
g0 TO 7 T e e T T T
100 WRITE(6,200)
~spp FORMAT(# ERROR IN HUGONIQT LoCP m TTOWLE) R -
STOP
{1 pUM2=U2-ER2# (U M- U2/ (ER-ER2) T T e
ER2=ER ]
e T S )
yM=zDUM2 L
————0 To 7 - I et o
¢ THM(IT)=BET-ATAN(UM/VT)
T Ml 1y =S QR T V2 S - ) ' ‘“ B
e =BBY e



¥M (1 1) =X MMM )
TTUUNM(I Iy =Y MOMMY T e
GMCIEY=F GAMCTM (T WPRCLTS, RM(T D) ) o
) ”“éMM(iISimﬁtliJ/aoRT(GMcl[)ﬂPM<II>/RHM(113) T T T
XMUM (T Iy =ATANCL. /SQRTCEMM(I] Yo e2~1 , e
T UUIHMO [T =1 = THMOTT Y T ST T T
gM (1 I=1)=GMCTT) - o
pM (1 1~ 1) =PMO T B -
WM (T T=1)Y=WM{TIT) . _
o TRHMOIT =1 )=RHMCLT) T T
RM(II=1)Y=RM{II) e
Ml i~ =TMCIT Y ) - .
XM (I 1=3) =XM(11)y e - o

Ty (T =) Y MOy

L GMOLI-20=GHMETTY
gM MO D =1 y=gMul 11
XMUM (1 1= 1) =XMUMC ID)

T pP = pU) WPMUTL ) LD AT (TFAN=1) T T
II =1 e _
T Ml pysX Ty o B ST T e m e e
Yy MID=y (1)
W ML =N Ty T T T o
P M(II1)=P (1)
T RH M(lI):RHO(l) Tt T T Tt T
G (11)=GAM(1) o ) 3 B
0 (1= (1)
TH._ M{II)=T (.
xMUM(11)=XMU(1) T T T
) __T__ (rty=7 1y o S
R (T1)=R (1)
i EM Mr11)=EM (1) B B
DO 12 LL=2,1FAN oo TTTr T e e Tt T
N= LL
e e N L T T e o — — . S
XM (N y= XM (KK}
TUYM (N = M (KK) T T T T S S s S e e e e
PM(N)=PM (KK) -OP
TALNR ZALOGEPM (N)y/PM(KKY) 7 T Tt T s -
B RHMCN) =A LOGCRHMOKK )) +ALNR/ GM (KK)
TURHMONY =EXP (RHM(NY)Y o T T Tt T T
Gz=2., #GMIKK)/ (GM(KK)=1,)
TEM(N)=SORT(OMIKK ) o OM (KK) =G#{ PM (NI /RHM{N) =PM{KK)Y/RHM(KKYYY ~ 7 =~
MM N Y2 WM (KK + (OM (KK ) QM (KK Y= QM INY=QMIND) /2,
RM (N )=RM (KK) T e
U TMIN)EFTPMON) »RMIND S WMINY )
GM(N)=FGAM(THMIN) ,PMIN) JRMINY ) sy s
_ EMMUND=(QM(N)/SART (GMIN) «PHIN) /RHM (N)) )
XMUM (NI ASIN (L ./EMMON)} T/ e mrmmrmrn mrn
ALz, 5 (GMIN) /S IN(XMUMIN) )/COSCXMUM (N)Y Y +GMKK) /SIN(XMUM (KK) ) /COS
THLXMUMEKK ) )) T '
___THMIN)=THM(KK) +OPT#ALNR/ AL
12 CONTINUE ST T e e
ERA=THMC IFAN Y~ THM( IFAN+1)
IF{ABS(ER4),LT.1,E~04) GO T0 15 T T e e
CITT=RITT+g
CIF(TTT.GT. 19) GO TO 102 o ) T o
) _IFCIYTLGT,2) GO 70 14
ER1=ER 4 U
BET1=BET
BET=BET+.02 T T -
. .. =A32-



G0 TO 3 . . N
102 WRITEC4, 203)
__ 203 FORMAT(« ERROR IN BETA LOOP IN COWL#}
STOP
14 DUML=BET1-ER1#» (BET-BET1) /(ER4-ER1) . ) e
ER1=ER 4
o _BET1=BET ; i
BET=pUML
B0 TO 3 B _—
15 CONTINUE
. _RETURN . i -
END
o , P e e
:'A33'_' _ B




‘SUBROUTINE COWLO(I,THM EM,BET, PMM)
COMMON/FVAR/
T{RHOF (200),CPXF (200, EMF{200) , XxMUF (2003, WF(200),RF(200),GAMF (2007,
_2XMASSF (2000, HF(200),SF(200),ALPD(10),
ITHET AC20) o I
COMMON /XF/ XF (200), YF (200),PF (200), QF (200, TF (200 ), THFC200) JALPF(

110,200
o COMMUN/D/ GAMINF ,EMINF ,RINF, WINF
TCOMMON/C1/ EMC1,TC1,GC1 ' e
IRk S T L
RET=THFC DY -XpUpPCy B T -
_ BET= BET-r-;fAﬁ§£EET}w,W4“7 o
1IT1=1 S B T - o
3 CONTINUE

TeALL SHOCK BETLGFCDY L TH (T, gAM (1), eMFUD LRADFOD) ,PFC D LWFCDY,
i 1RF(I).QF(J):THF(J).PAMF(J).LMF(J),RHOF(J),PF(J) P WF (J), RF (J),
ATy XMUF (Jys =1 ) e
P2 =PF(J) eGAM INFeEM INFa EM INF
p2 =P 2/ PMM R
TH2= THF(J)
T eALLTPMIP2, THM EM, TH2TLEMI, - 1)
ER 4= TH 2T =TH2 o
1F (ABS (ER4),LT .1, E=04) GO 70 15
1ITT=1T7+1
IFCITT.G6T.15) GO TO 102
 _1FCITT,eTL2) GO TO 14
ER1=ER4 T o e e
BET1=BET
RET=BET+.02
GO TO0 3 B
102 WRITE(6,203)
”203‘Foggarc4 ERROR IN BETA LOOP IN COWLO®#)
&7 — e S
14 DUML=BET 1-ER1a (BET-BETi) /(ER4-ER1)
ER1=ER 4 o
__ BET1=BET
RET=pUML — T T T - S
G0 To 3
15comlmﬁ“—“”'““'“-“~“~~~“wmwm~ e —
DO 300 JJ=1.7
300 ALPF (JJ, ) =ALPFCOI, Iy — 7 77~
CXF oy =XF )
YF (Jy=YF (1)
CEMC12EM3
DUML=1 ,+ (GAMINF=1,)/2. EMINFaEMINF
DUM2=1,+(GAMINF=1,)/2, #EM3I*EM3
TCcl=DUML/DUMZ
 QC1=EM3/EMINF2SQRT(TCL)
HETURN PN soWRILILIY




SUBROQUTINE SHOEK (RET, BT, TH1 61, EML,RAL,P Y, Hi,PHTI G2, THZ 62, B2,
__1RH2,pP2,H2,PHIZ2,T2, xMuz.Fsm ~ _
1T =1
o VT=Q1eCOS(BET-TH1) ~ L ) o
UL =ABS (R1#SIN(BET-TH1)} o T
. GM1=G1-1. e B
NESTICEENE e e
o XM1=EM1#SIN(BET-TH1) N
XMS=RH1# U1 T
o IF(IT.EG@.LIUM= Uia(GMieXM1eXM1+2,)/GP1/XM1/ XM
7 RH2= XMS/UM T ST T T
 P2EXMS#(UL-UMI+P 1
V1=Q12Q1 - - "“ T
y2=VTaVT+UMsUM
He =H 1+ (Vi~ VY2372, -
__PHI2=PHI1
RH 2T =sRHE QUH2 P2, PH 2, T2Y o T
_ ER=RH2-RH2T
IF(ARS(ER/RH1Y LT.1.E-D3)Yy GO TO 9 T
IT = 17T+1
IF(IT.6gT.1%) GO 70 140 -
CIF(IT.G6T.2) 60 TO 11
R 2= R . . —
(J2 =U M
T e ——
GO Yo 7
TI00 WRITETUE,200) - T -
200 FORMAT (% ERROR 1IN HUGONIOT LQOP IN SHOCK#)
STOP ) Tt T
11 DUM2=zU2-ER2# (UM-y2)/(ER-ER2Y R
ER27ER B
y2= UM
T MEDUM2
Go TO 7
TUTETIF (FSH UG TL 0. ) TH2= 8?1-ATAN TUMAYTY T ; -
IF (FSH,LT.0.) TH2z ATAN (UM/ VT )+ BET
T 2 =SGR T VZ) ot e T
G2 =F CAM( T2,P2,PHI2)
TTTTTEM 2T G2 /SORTUG2wP 2/ RHZ)
XMU2=ATAN(L. /SQRT(EM2#EM2-1.))
TRETURN T o - -
END _ -
. X - o -




107 NRITE(6.203)’"'

T GUBROUTINE SHOCPTCIS,M,BET,BETN, A, BY

COMMON/VAR/RHO(200)s o
TTAEM (200 ), XMUC200) ,CPX(200), W( 2003 ,R ¢
2 XN (2000, vazoo),amieno)

T3 (200 EMNU200) ,XMUNCR00) ,CPXNC200),

AXMAS SN (2000, ALPN (10,2000 ,S1¢10), Kl (10),

B LALP UMD

200, GAMU 200, XMASS (200 Y, T T
» TNC200), PN(Z200), THN(200) ,RHON
JANC200) RN ZD0) ,aaMNC200),

CERR(20), TEMP (20)

_____COMMON/X/ X(200),Y(200),P(200),8¢200), T(200),TH(200) ,ALP (10, 200)
TCOMMON /ETX Xy xJ 1o NP TS, T 0. IREF L TCHEM, IPUNCH, TDESGN, IR ,MXX ,XBP,

T1IRFLL,YO,RADB 2, RRAD (200,

1=18

1YBP, THBP ,RAD,XB0OD, YBOD ,THB 0D ,RADB, XEND . THEND pRTH,YEX IT,THST, TEST,
NS TAR» YNOQZ ,E IN, ) o
IF(BL.EG.0.) BETN=BET+(THN(IS - 1)*XMUN(I&*1)_"TH(M 1y =XMU(H=11)

PEN ,H 16 ,H17

ITT=1

Tz ALl SHOCK (BETN, QN (1), THNC DY ,GAMNC ) EMNci),RHGN(I).PN(I).HN(I), T

_ ARNCI), GN G THNC ) bGAMNC ) hE MY (D), RHON (J ), PN (I, WN (J ), RN (U, ING)DY,

CLXMUN(J), 1)
EM1=XMA0 .5 ,, 5, THNCJY »XMUNCJ)Y , THIM),
CEM2=XM2(.5,.5, TH(M):KNU(M),TH(M+U.

RAT= (YDUM=Y (M) )/ (Y{MeL)=Y (M) )
Y2=YDUM N o
IF(1S,EG.2,AND.M,EQ.2) RAT=0,

_ IF(IS.EQ.2,AND.M.EQ,2) Y2=Y(M)

X 23X  (MI+RAT#(X (M+1)=X (M)
~ CALL PANDW(P(M),P(M+1),RAT,P2,DUML,
1,1)

CTH 2=TH (M)Y+RAT#(TH (M+1)=TH (M})

XMUZ2=XHMU (MI+RAT# (XMU (M+1)=XMU{M))
GAMZ2=GAM (M)+RAT# (GAM (M+1 )=GAM(M))

DUML =A 28 (XNCJ) =X 2)
DUM=(THZ=THN (J)=DUML )/ AL
TPTEST=P2=EXP (DUM)

ER4= (PTEST-PN({ J) Y/ P{M)

YDUM= (EML1EY (M) —EM28YN(LY ¢EML2EM2 2 (XN (LD =X () )) /(EM1-EM2)

AL =F 20 Ay 8 XM U2 L6 aM 20 P2 LXMUTNG ) L6 AMNC Y PTNEUY)
A EF 2080 By 10X s XJ Ly X2, 20 TH2, XMUZLXNCDY LY NG LTHN (U, XMUN (U))Y

XMU (M)
XMy tM+in

DUM2, BUMS, DUM4, DUMS, DUME, DUMT

T UIF (ABS (ER4 YL LT I LERDGY
1T Y= ITT*J

Go 10 15

CIFITT, GT 2) GO TO 14

ER1=ER4 T T T
BETL=BETN
BETN=BETN+.,02
Go TO 3.

203 FORMAT (% ERROR
STOP o

14 DUM1=BET1-ER1# (BETN-BET1)/ (ER4=ER1)

N 300 ALPN (JJr J) :ALPN(‘_JJ,]-)"“__

ER1=ERA4
BET1=BETN
RE TN=DuUM14 ~
GO TO 3
1% CONT INUE
XN(Jy=XN(1y
YN (S = YN
DO 300 JJ=1.7

[N BETA LOOP IN SHOCPTw)




END

Y
. — — N N - —
_ [ E U [PE— —— — - S —— [N A
e e e Sttt o ——— P - e e e v e -
e -A37- e e e



-A38-

SUBROUTINE PANDW (P1,P2,RAT,POUT, W1 W2, 01,02/ 03,W0UT, IEQ D 777
 DUML=ALOGIPY) :

pUM2=zALOG(PZY T T - — -
_ _POUT=DUMI+RAT#(DUMZ=DUM1)

pOUT=EXP (POUTY — — T T e s
) IF(].EQ. 1) RETURN

Wl 1= wWla+Q1i®@ls2, T T T ST e e e
. _WT2=w24Q2#Q2/2. :

WT 3 WT 4+ RA TS (WT2 =W T1) - - -

 WOUT =W i+RAT® (W2=-W1)

IF(1E0 EQ. 1) WoUT=WT3=03s03/5, 7 T T o e
______ RETURN

EN D o B o T



SUBROUTINE DRTESTUOXN,YN, EM1, RET, IDROP, L, M) - o
CCOMMON/X/ X(200),Y(200).PC200),0(¢200),T7¢200) yTH{200) ,ALP (10,200
e A GE T) RS PlelB) Ul Vil
XNT= (Y (M)=Y(M+L) =EMLaX (M)+EM2a X( M4} }/ (EM2 «EML )

YWT= YO +EME OXN T=XTU M) ) o
CDISNOR =S QR TC{XN=-X(¥) )% #2 4+ CYN =Y (M)) s 2) i
DISEY =SQRT( (XNT =X (M))wit 24 (YNT =Y (M)) a py TR
 IF({DISEX-DISNQR)/DISEX.LT..1) I1DROP=1 B
RE TURN
.. _END L R S
. R e TASE e N



TSUGROUTINE Puip. TH1» XM, TH2: xM2: 15 e e e e e o i,
_ COMMON/D/_GAMINF,EMINF ,RINF, WINF
G= GAMInF
~ GMi=G-1.
GP1=G* 1. T T e - L Ee———
 DUMT1.+GM1/2.%XM1isXM1
P=Perw(GML/GY T - S
C XM2=(DuUM/P-1,)e2 ,/GM1
TXM2=SGRT (XM2Y T ' — - _ i
 GX=SERT{GP1/GM1)

[}U M1 =3 L,JR Tt ;l(ll i% AM j_- i. ) T
DUM2 SGRT(XME“?MZ“l-)

" pTH= GXal ATAN (DUMP2/GX )~ AT AN (DUM1/GX)) A . ==
N TH2= TH1+FLDAT(IS)*DTH 1 1) +ATANCDUML Y= AT AN (DUM2)

RETURNT -
e END .




‘SUBROUTIME“Azt”tr?x'wIRHU‘R,bAM}EH,XMU WLTLRLALPLY T T

COMMON /TEQ/TEG,PLIN, RHO LK, ULNF P INF

COMMON A7 TIN, CPIN RO T I -

_COMMON /D / GAMINF ,EMINF ,RINF, WINF_

CDMHON/B/ HT MOLE T - — T T T

___COMMON /SP/ NSP ‘

‘COMMON /ENTH/ HX T T T T s
__DIMENSION H1(¢10),CP1¢10),DCP1(10),ALP1(10)

TDIMENSION WTMOLE(1gY T T )

CPX=g. .

1F(1g8,EQ. 1) GO 10 69~ T T T — -
W=10. .

T . a O
CALL THERMO(T,H1,CP1,DCP1)

0 19 UF1.-NSP T
CPX=CP X+ ALPL (J)=CPL(J)

Mﬂwﬂyﬂme T T S e e T e e e e
, w+ALPl(J)/w1VOLF(J)

N 1. /W o T - T
 RHO=GAMINF#EMINFan2uWeP/T/WINF

T R=RO/W T ” -

_ _GAM=CPX/ (CPX-R/CPIN) :

EM=QsEMINF «SQRT¢ GAMINF R INF/GAM/R/TY T
_ XMUSATAN(1,/SQRT(EM##2=1,))

69 F

RE TURN

RHO=RHEG(W,P,R, T)

GAMEFGAM{T, P, R)
EMzQ/SGRT(GAMEP/RHO) -
XMU=ATAN(L./SORT (EMaEM=1,))"
CRETURN o ] o

- e e
- | L o



SUBROUTINE THERMO(TI,H,CP,DCPY T -
___COMMON /SP/ NSP e
TCOMMON /A7 TINsCPIN,RO e e T o
~ COMMON/B/ WTMOLE S
DIMENS ION WTMOLE (10) T T T T e
__ DIMENSION H(10),CP(10),DCP(1D)
T= 11 T IN | T S
L.C1=RO/CPIN :
c2=C1/TIN T Tt
 C3=CisTIN o

N= NS P

__DUIOJJ_N S
H1 =C2/WTMOLE (J) T T e mmmmm e
H2 =C 1/ WT MOLE (J )

H3I=C3/WTMOLE(J)
CALL COEFF (J,T7,4,B8,C,D.E,F,G)

T MG ETal A+ T (B2 +T#(C/3 . +Ta (D74 ,+E/5, 6TV +F T T
H(J)Y =H (J)#H1
TEP(J YA+ Ta(B4Ta(C+Ta (D+ET )Y Y - T o
_CP(J)=CP (J)eH2
PCPUY =BT o2, sCaTul 3. D4 e tyy 77 N T T e
DCPC g =DCP (-J )& H3
T1p ONT INGE o T T T T T e T
RE TU RN
END - T B - Tt - B
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CEURCTTON FTCPILLF HsY  — — — T T — T
- COMMON/IPP/1PP
T EOMMON FTHEZ A1, AZ, A3 AAAB, A6, XMNL -
o COMMON/IEQ/IEQ,PIN, RHOINF UINF ,PINF
cOMMON /A7 TINS CPIN,RC - )
. DATA 163/0/_
[F [_AG [} - “‘\ CoTTmmmTT T T T T T
o IHOLD=g -
Tp=pL P INEP INFR 1, "91325E+05 )
_______________ H=H3 U INF/ 10,7639/ 1, E+ 06
e e i} — —
 ALO=ALOG(P)/2.3-5, :
I RIS T
— m=r
IF(Is3.Eqg. 1) Go 101000
. 183=1
T oT=1500., o i o
... To=is00. . .
IF(F Gg.0.) G0 To 120 T - o B
= 600 '
To=T - T
1000 CONTINUE
CIF(FLLT.0.) GOOYg 400 T - T
_ Go TO 129
50 EQ=(H-H1)/H o Tt T T T
1F(ABS(E0).LT,1.E-04) GO T0 340
§00 T =TQ0=1.1 R o o
507 1T=2_ o
[F(F LT, 0.) GO TO 400 T - T
_ GO TO 120
700 E1=(H-HL)}/H i T
IF(ABS(E1) L T.1,E-04) GO TO 340
IR - o - T
 IF(IT,LT.21) GO TO 10
TI{F (ARS(T-2000.).,L7.10.) GO To 830 T -
IF (IHOLD ,EQ.0) GO TO 800

831

TWRITE(6,831) P1sH5,T
FORMAT{*’ ERROR 'IN F’Tw# P1 = #E13, 5 BY 8#H1 = *E13._5-5xn*T = #E13.5

iy T T
o __§T6P L
800 T=THOLD e ) T ‘“
B — —— TO =T —_ et ————— [ —
HzHHOL D T TTTTTT T e B
I 4 =0
[HOL D=1 o
o IF(T,LE.2000.0 ) 1HOLD=-1
g0 To 1000 - — - e
830 IF(IFLAG.EGQ.1) GO TO 504
‘ IF'LAG 1 Tt - TTTTT T T T T
. T0=2000. L L
1=2000 . -
[F(F,LT.0.) GO Tg 400
g0 Tg 120 B — T T e e e
504 WRITE(6,11) E1
11 FORMAT (¢ TEMPERATURE TN FT SET TO 2000" CITTUUTERROR CEUEEYELS)
L GO TO 340
""" 1g 19=T0-E0=(T ~TgY/CEL=-E0Y - T T T T
505 E0=E1 L
o U,
- U 7 . X £ - ) N o e



T=T19 ) o
(F¢F.LT.0.> gC T¢ 400
120 A=1.E-07%(=,1042sF2 +.82428F+.987)
N B=.001#(L01167aF 2 +,15034F +,538) -
C==.0284%F2 +,67310F+,4293
'Ircr LE.1.) GO TQ 190
Az1.E-07#(1,7874F2 -5, 488F +5 ,4)
Rz L 001s(-,18674F2 +1 ,11%F+,176)
=-,0933%F2 +3.975¢F-2,808
“igﬁ"lf(T LE.2000,.AND, IHOLD.NE LY GO T8 290
,0000012¢1. 7924F2 +.39836F «. 31)
7”5- 001 «( -9 052F2 = 07917 oF +. 545y T TTTITTTTITTIITITT s
€=10., 86*F2 - 11835F+.97 ] S |
T T T UUIF(FLLE.1.) GO TO 290 ' T T T T T
A-.UGUUOl*(4 81#F2 =13.9sF +11.59)

T T Rz 001w ~23.08uF 2 +66,828F 52,61y - T
C=27 .0%#F2 =73 ,738F+58,3%9
‘”ggh'H1=AaT¢T+BuT+C ' I Tt e e s -
IF(T.LE.2000,.AND, THOLD.NE,1) GO TQ 370
- MizH18 (1.+ (1L, +F)a(T/2000,-4,)s29y T oooommommem
_..370 CONTINUE o el B} e o
GO TQ 350 i ) T
400 T2=T=7 ~ L L
13=TouT - I )
T4=T 32T
T5=T427 B " ) -
IF(F,LT.=1.5) GO TO 450
T wMMY=16. 043 T T T T T Tt ~
AL=z4.,24G7678
A2=*6.91?6562E-03 N ) i o N
AZ=3,1602134E~05 i
A4==2.9715432E 048 i - .
A5 =9.5103580E-12
) I T A R e 1 ' T e
GO 7O 4640
450 CONTINUE i T T T T e e e
Al=1,1202436
A2:=1,3905716E~02 T T T e -
 A3=2,6568374F-06

TAd=-1.1560272F .08
A =5 [ 2386929E-12

T A6=5 ,3328896F+ 03 T T T T ommmroo e eem e s e
, XMM1=28.054
460G HL=AL1eT+A2aT2/2, +A3T3/3 ., +A4 aT4/4, +AS# TS +A 6

. H1=H1#8314,/XMM1/1,E+06

350 IF(IT.EQ,1y GO To 50 ~ ~ ~ 77 T T LTI T T e
GO TO 100

340 10=T T e
FT=T/TIN
THOLD=T ) B - T T T N T -
e HHOL D= H
RE TURN o T S e e e e
. END



CUFUNCTION FRUPL,F,TLY
__COMMON /THE/ A1,A2.A3,A4,AB, A6, XMM1 _

COMMUN/IED/IEQ PN, RHDINF UTRELPINE
COMMON/A/ TIN,CPIN,RQ

Tp=pL /P INEPINFe 1, 01325E 405
T=T1 4T IN

TRRaFeF T T N
CJF(F,LT.0.) GO TQ 400 i

TR (TLG6Y. 20007, G0 T0 190
IF(F,GT.1.) GO TO 191
120 AT1 E-07 el = 10420F 2 ¥ 8242¢F+ ,987)
B=,001a(,011678F2 +,15034F+.938)

gz - 0284 wF 2 4.6?31#'», 42 ¢3
G To 290

191 A¥1.E- 07 w(1. 7878 F2 =5.484F 457,45
Bz .0 0L «( -. 1867 #F 2 +1,11#F+,176)

C:"-UQ:S\S*FZ +3 975§-r -2 8[]8
G0 TQ 290

{90 IF(F.GT.1.) 60 TO 192
=,000001#(1,7924F2 +,39838F +,31)

TTREL00140<9,055F2 207917 8F +.245)

C=10.86#F2 -, 1183#F+.97
go To 29c T T
192 A- U00001n(4.81%F2 ~13.98F+11,59)

L001#(=23,080F2 +66,82#F=52, 61y
C 27.U%%F2 —7 FIuF+h8E,39

TT590 HizAaTeT+Bal+C
 IF(TY.LE.2000.) GO TO 370

AlLO= ALOG(P)Y /2.3~ 5,

79=.,1253A10%A10 ,2758A10
Hi=Hts (1.+(1.+F)#(T/2000, «1.)»29)
370 Hi=Hi=1.E+*06

¢ To 34 0

4(] 0 T2 —-T 2T L , )
T3 T ?ﬂ T - . e e . 1 e L 8
Ta=T 3T

Y5 =T4xT
 H1zA1#T+A2eT2/2, +A30T3/3, *A4ﬁT4/4.+A54T5+Ab

T L =H (2 8314, 7 xul RSt BMEARIR LW & A S = A s

340 CONTINUE
FH=H 1910 17639/ UL RF

_RETURN®

END
_ FUNCTION FGAM(TL,.P1.F)

T COMMON JTHEZ A1, A2, A3, A4 A5, A6, XMM L
_COMMON/IEQ/LEQ,PIN, RHDEP\F,UINF';PU\F

TCOMMON/ZA/ TIN.CPIN,RO
T=T1aTIN

T2 TaTl
P=P1/PINw«PINF=1, 01625E+05

XM=0,

IF(F.LT.0.) GO TO 559

CIFCTLLE. 10000 GO TO 4407

XMz-2.15E-08%T2 +, 000091 «T~, 0695
T 440 XN=4 ,E-09:T2 -.000022T=.C19 '

IF(FLLE.1.) GO T 479
T N 0339 e S OR T T 0070391 2T g8 1
470 G=-1.833E~07xT2 +.000075aT+1,567

T (T.LT.500.) GO TO 520 AR

Y



G=2.E-08#T2 -, 000138+7+1,423

TR (T .L1.2000,) Go TO 520 T T T Tt
_____ _G=7,267£-088T2 =,00045/57+1,85
52 0 G= G+ xM #{ AL OG (P )/ 2,45, XN & 'Fu 1?13“_ T e e
‘ GO T0O 530 -
557 137247 e
T4=T37
T T CREAL+ARRTHAZETO+A4 R TIHASe T T T TS T B
_ B=CPs(CP=1,) N
530 CONTINUE T T
_ _FGAM=G
RETURN T TToTme T
o END



FUNCTION REEQ(H, PLLF,TY 7 T T
COMMON/TEQ/ZLEU, P IN,RHUY INFLULNF o PINF
cOMMaN 74/ TIN, CPIN,RG ' -
) CT1=FT(PL,F,H) o R
T= Tl ﬂ.T Il‘v ]
PPl /P INPINFs1, 01325 +05 o i
IF LT.0.) 60 To 2260
FNM=1, 53*F»F -5 805 4f +28. 965
FNN= 1. 64 FoF- 10 buF +33. 6
o IF(T.3T.2000.) GO _TO 2030
XM z Fhm' o ) TroTmr e - o T T
_ IF(F LT.1.) GO TO 2160
Ty FNN o - e T Tt T
G0 To 2160
Zo3g FF=F«F o _" )
_____________ A= =2  3aF F+4, 01l af +1, 736 B
g= 8. gl «F F~15 doeF-6 66 ) o -
= -1 6, A8 uF F+ 33 2 1nF+ 14 .58
- xN == 437 SﬂFF+ 06 2% uf 42 08 ’ ST TS T e e e
D= AMALOG(P)/? 3yenl, 5+Br(ALDG(P)/ .3)+C
CYMEFRMEDE(TTS2000, )/ 1000 Y eu XN - )
. IF(F,LT.1.) GO TCQ 2160
Az -, B2PuFF 42,363 8F +1.905 - T T
_ B=2.,76sFF-7.,564F~8.68
C=-3.6#FF+7,36F+27.15 T T e e
XNz~ ,474FF+1 ., 825aF+.35
DA®(ALOGI{P)/2.3yenl 5+8e (ALOGIP)Y /2. 1+C
 XM=FHNN=D=((T-2000, /71000, )y=aXN
G0 TO 2160 N - B T T
2260 KF=F-.5 e
IF(KF.EQ.~1)XM=16,043
1F(KF,EQ,-2) XM =28, 05 4
216 g RHEQ P X1/ T/ 83143 w6 (24200 2/32 174 T
T=T/ TI N
TURRERERHEQ/RHOINF T T T T T ) T
RETURN R
END i o T
-Ah?-



CUNCTION XML (ALP HA SBET A TAL X A, TC,XE) 7
XMLz ALPHAsTAN{TA+XA) Ar TC,XE2)
IF (BETA. GT 07y xM12 XM FBETAST AN (T Qe X3 T T e e
_ RETURN C+XC)
END — — __ ) -



FUNCTION X2 (41,0, TA XA, TE,XCY .
__XM2= AL T ANCTA-XAY —
1F(B.GT. 6. )XM2=XM2+8aTAN(TC-XC)
_RETURN e . e
END

e o - e el e e
e =AbS- e



FUNCTION XM3(A,B,TD,TC)
. XM3=AsTANCTD)

IF(B,GT.0.0) XxM3TxM3¥BaTAN(TC) ™ 7
RETURN

~ END
5

-A50-



T RUNCTION F A, B, XRULL TeAML, PL, MU2,

e AGAMEZ, P2y . -
F1=5 TN (XMUT) «C0S (XHMU1) /G AMY
e JFABLGT. 0.0 FLS(FLASINCGXMUZY & e e
{COS(XMUZ Y/ GAMZ Ty /2, -
. _RETURN =~ e e e e
END
-AS1-



o FUNC TI ON--. . FE(-A! B-r OP T, XJ, XUt 2 X .Y ,T_H, MUy XN,Y N, TH N: ¥MUNDY T e

i%

10

}‘ 21 0 C - Uy P S U S
IF(XJ.eQ, 0.y Gp Y0 15 e =

F21= A*SIN(TH)*SIN(X'“‘U)/COS(TH+OPTHXI\4U)/Y

IF(8,6T.0.) F21=F21+B* SINCTHN) #S IN (XMUN) 7COS (THN +OPT X MUN) /YN~ ~°
F22=9,

IF(XJ1 . EQ.0.) 0 TO 10 o O P
F22=ax COS(TH)*QIN(XMU)/COa(TH+0PTuXMU)

IF (B.6T.0.) fé2= F22+B*LOS(THN)¢SIN(XMUV)/COS(THK+DPT#XMUN) T
Fe=Fo1+F22 .

RE TU /N O
END.

—— —_——— J— S — ———— ey J— [ _ — e ——— [ —
WS e - - — - - —_— - - — - - ——



gj e e o et e = 4 e .—

_SUBROUTINE XMASSS(RATHM,NPTS)

COMMON /FVAR/
_LRHMOF (260, CPXF (2003, EMF(200) , XMUF (200),HF(200) ,RF(200),3ANF(200),

2XMASSF (2907, HI‘(ZGU); SF(200),ALPDCL0),

C3THEY AL 20D
COMMON /XF/XF (2060 ), YF (200), PF (200, AF (2000, TF (2000, THF(200) JALPFC

. lt1p.zooy ‘
Do 170 1s1,NpTS T T T

_CALL FH (FML,EMF (1), GAMF (1))

T FM2EFML/RATH -

TTM=y . i, . S - — .

EMT=RATM#EHF (1)

197 CONTINUE

CALL FR(FHMT,EMT, Ghﬁf(l)) o

_ ERM=(FM2-FHUT)/FM?
TECARS (ERMY VLT LVE=T3YGO 70 171
DUMD=1./RATM

[TM=1TM+1
CIFGITMLGT. 35D GD 70 2

TEITM GT.2) Go 10 1T CrrmTmmmm T ) ” T
EMT1=EMT 7
ERML=ERM ' T
M= FN1“11U M0}
o0 To e

1 DUM=EMTL -i: IM 1 CF VfT "'f: "iT 1) FAt r:R M= FH M}_ )

EMTLEMT LT — — — e e -
ER M1 =k RM
TTTTTTTEM T E UM o - T T T T
GO TQ 197
T2 WRITECH,EY T T T T e e
3 FORMAT (= FHHLL{ IN ITE?AWIGW [OOP N XMASQS*)

STOP
171 CONT INUE
TR RE s T CCEARF T F 1A AGARNE T -0 B
ETSQaSGRTIEMToEMT-1. )
TESRE SL,HT(W'F"(I)W”{”"-
XHAJ2 20 UM #A TAR(ET SG/D UM )= AT AN (E TS D)

—_— e e s o —

TN UL =D UM A TARCES 07 UMY <A TANCES @) T e T
DN U= XK U2 ~X MU
TTUTTUEALL Pwd il TY I o
174 CONT INUE L
— T e TuRN . o e e i e e e e
O END e e
e ke e bt
—_ - e e e e =BG e e




SQUBRCUTINE FM(FMC, XM,G)

CFMCEXM/ (1. +(0=1.)/2, #XHea2)a( (G+1.,)/2./(5=1,))
coEATEAg IR lbv] )72,/ (G ,)

7 RETURN
__END o - N



SUBRQUTINE PMi(DnU,Je)
COMMON /FVARY
1RHOF (20l)y, CPyF (2 pny, ENF (2000, dMUF(200) W NF (2000, RF(200) ,GAMFL 208y,
_2XMASSF (2006), HF{200Q),SF(200),ALPD(10),
“RTHET A (o0 g o e (= E2ALIRLLER DD AR
rnMMCH/XF/xF;gGD),YFcfcn),PF{AUaj, OF (200), TF (200, THF(200) ,ALPF(

110,200 —
. BTh=Z./57. N
IF &N = PNU/DTH e e e e o -
_ IFMYH.GE,BNU) DTH=DNU
CIF(BTHED. BN IF AR~ e ——— e
_ P1=PFCUs)

T1=TFCJ6)
o EMISEMF(J6)
CHIEWF (I T o
G1L =G AMF(J6 )
TTRYYERHOE (IEY T
_ PHI1L=RF(JE)
U1=QFtygey T
SR
O TTTTHRTERLRUT /S, "
Pl ALOE(P}.)

N . e e, e e
XN Ul [} .
D0 1o IS IFANTTT T T T o e e e ) T e rm e o
IF(I .EQ. IFAN)YD TH=DNU ~X N
KMUT=RSTRCT./EMD) T i T
Bi=012EM1/C05CXMULY
TR AL R AR T o e e s . et e
RHZ2=(P2-P1)y/0G1
TRHZERKsEXP(REDyTT T T T T T AT T e e e e e
PZzP=EXP(F2)

TR X RORT)
Ty Elide 2, w61/ ((‘1 1. y# (PP /RH2 <P 1P /R H1)

TTHEER -z e T T ¥
T2 =F TCP2P, PH 1L ,H2) '

T T g =R gAMO T2 PP PHT LY T
AZ =G 2uP2P/RH2
EMZE SR RT (Up7 a2y ™ ' T
YN Uz XUl +D TH
T XN Ul =X NU Tt T T T e T -
Pi =P 2
P e _ S
61 =G 2 ) B o
EMITEMZ o
ui=uz2 ;
TTUTRMAERH? : T e h Tt
10 CONT I[N UE

Tp2 =B xP (F )
U2 =SerRTIUZ)

TR R d ) PR - T T T T
T F (i) =T 2 ‘

TTTTTUUTGAME (Je) =G T2 T T T T T T T e e e e e s e
£ F (Jé) =EH2

_._.__..._._...DA-—-~-F-"|‘:—J*{'}) _,LJ 2 T T e e T e e i —rr i Mlaat & oot - et e s e £ o e it L e S AR, a7 st m 4 = o Sk it o b e et s 2o 1
RH OF (J 6) =R H2

T TR (GRS
R.’. TU RN

END

C RS



